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ABSTRACT:

Soviet and foreign literature and includes some new
experimental data obtalned at the All-Union Scienti”ic Research
Institute for 0il and Gas Refining and the Production of

art 1 of the book 1s devoted

Synthetic
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e

tTo “he various types of defects and their origins.

The book covers antifriction, antiwear, and

antiseizure additives to lubricants, The book 1ls based on

The main

requirements set forth for various additives are also listed
in this chapter, which includes a detailed review of the U, S.

gear lubricantec.

surface wear is discussed in Ch., 1 of Part Il.

Part II covers the classification, oroperties,
preparatizn, Tunction, selection, and application of additives
according to the type of equipment and the woirkirg conditions.
The effect of various additives on the friction coefficient and

Data on 10

Soviet and 35 foreign lubricant additives containing S, P,

Cl, and Zn are tabulated.

antiwear additive,

The Soviet additive MDS (alkyl
dithio esters of fatty acids) is listed as an effective

Sulfur-treated terpenes are used as

multifunctional (antiwear and anticorrosive) additives under
the trade name of VTU MNP564-55 (known in the United States as
" Stain Add" and "Amoco-48").

dialkyldiarydiunlophosphates (DF-1, DF-11,

Barium and zinc

"vniinp-354,"

V-501, LZ-317, and others) are the anticorr051ve, antivear

motor o0il additives widely used in the USSR,

The Soviet

additive EZ-2 (castor oil treated with PQSS) is described as a
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valuable antiwear and antifriction additive., Among others,

the following antiseizure Soviet additives are listed: LzZ-6/9
(ethylene dibutyl xanthate); L1zZ-24 (ethylene diethyl xanthate);
LZ-23 (ethylene diisopropyl xanthate ; and LZ-19 (ethylene
diisoamyl xanthate)., Among the chlorinated paraffins, the
Soviet additive "nami-T-122" (containing 40% Cl) is recommended
as an antiscuff additive to gear box lubricants. The Soviet
additive EZ-5 is listed among the sulfur-chlorine-centaining
additive with high antiseizure properties. The use of M052

as an antiseizure and antiwear additive to lubricants applied
at high temperature and of other metal-containing additives
1s discussed in Ch, 7 of Part II. The book discusses the
function of additives, including the reaction between the
additive and a metal under various conditions, surface film
formation, stability of the film, and the effect of various
substituents in organic phosphorus- and chlorine-containing
additives., A new mechanism of the MoS2 function is proposed,

which is based on experimental data obtained by the author in
collaboration with Ye. I, Petyakina. Recommendations are
given for selecting additives to lubricants for automobiles,
turbines, millling equipment, metal-cutting equipment, and
‘textile machinery, Tabulated information on the type of
additive recommended for various automobile narts is
presented. English translation: 96 pages and 11) references:
36 Soviet and 78 non-Soviet.
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U, S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Itelic Transliteration Block 1Italic Transliteration
A a A a A, a P » P »p R, r

B 6 B ¢ B, b c ¢ c ¢ S, s

B s B s Vv, v T T m T, t

rr r s G, g Y vy Y 3 U, u

o a a o D, d ® ¢ ® ¢ F, £

E e E ¢ Ye, ye; E, e* X 2 X «x Kh, kh

K x X x Zh, zh U u u y Ts, ts

3 s 3 3 Z, z L | Y v« Ch, ch

H H u I, 1 m w o w Sh, sh

R & 7 a Y, ¥ N w W Sheh, shch
K K «x K, k D » 5 "

N n T 2 L, 1 H »w & u Y, ¥

M M xu M, m b » 5 » :

H =x H u N, n 3 9 E, e

O o 0 o 0, o 0 ©» DO » Yu, yu

0o n 7 n P, p A = A a Ya, ya

ye initially, after vowels, and af'ter 3, b; e elsevhere,
When written as 8 in Russian, - transiiterate as y8 or &,
The use of diacritical marks is preferred, but such marks
may be omitted when expediency dictates,
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Ihis{book 1s devoted to oil additives for lowering friction,
_.. wear znd preventing of jamming of friction surfaces,
inm. Pats~bouok containg materials on antifriction, antiwear and
antiburr additives to nils, about contemporary methods »f
seiecting additives and about the mechanism of their action.
considersthe principles of seiecting oil additives for
specific types of equipment and requirements fcr additives
taking into account the conditions of work of machines of
different assignment. v~ -~ _.
This book is designed for engineering technicians and
s~ientists, studying the questions of application of lubricating
materials in various areas of technclogy.
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INTRODUCTION

At the XXIT Congress of the Communist Party of the Soviet Union and the
November (1962) Flenum of Central Committee of the Communist Party of the Soviet
Union special attention was allotted to questions of increasing the productivity
of labor, technical progress, economy of means and materials.

Additives to lubricating oils, by improving the conditions of friction,
promoting the lowering of wear of friction details and preventing the jamming
of surfaces, should be considered as a means of fighting for economy of metals
and increase of between repair runs of equipment. The interest in additives
increases in connection with increase of loads and forcing of operating conditions
5 machines and mechanisms. However, one shogld not consider that additives
cen serve as universal means for all forms of damage of friction surfaces. 1In
connection with this in first part of book we consider the types of damages to
surfaces and the causes of their appearance. We also indicate in what cases
one or another oil additive can be expediently applied.

The basic part of this book contains information about the types of antiburr
and antiwear oil additives, on the contemporary view of the mechanism of their
action, the knowledge of which allows us to correctly approach the selection of
additives, which improve the condition of work of mechanisms.

IL 1s necessary to turn special attention to the contradictory nature of
tlie basic requirements presented to antiburr additives, from one side, they
have to have maximum chemical activity with respect to metals to create films

preventing the jamming of surfaces, from the other side, they should not evoke
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metal corrosion. This obliges us in developing antiburr additives to study their
properties and influence c¢n friction from all sides to confidently select those
compounds which satisfy such complicated, contradictory requirements.

The problem of scientific selection of oil additives is still far from
solved and a number cf positions and terms also remain debatable. However, the
latest works on synthesis and investigation oﬂ.oil additives by Soviet and
fﬁreign scientists discovered much in the natufe of these processes occuring
during friction, and to a significant degree they allow us to depart from the
emirics existing till now in developnent and selection of additives.

This book contains recommendations on selection of additivers according to
the types of equipment and separate mechanisms of machines.

The book 1is basically built on literary material, but also con’ains date
which are !’z result of joint works of collective of [VNII KP] (BHMM HI):

Ye, I. Petyakina, F. Ya, Shames, V. P. Karamnova and the author of this took.
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I: REQUIREMENTS FOR ADDITIVES
10 IMPROVE THE CONDITIONS OF FRICTION

I.1. ROLE OF ANTIBURR AND ANTIWEARfADDITIVES TO
OILS IN DIFFERENT WORKING CONDITIONS OF 'FRICTION PAIRS

Additives to lower wear and friction and prevenf Jamming of surfaces cannot
be uniQersal means equally effective in all operating conditions of friction
pairs, It 1s necessary to introduce additives into 01l to improve the conditions
of friction only in absolutely definite caseé of abnormal and unsatisfactory work.
Due to this the selection of oill with additives shouid be based on an analysis
of the conditions of friction and the character.of damage to surfaces, which
determines the expediency of application of oiis with this type of additives.
Random selection of additives may cause not a positive, but a negative effect,
unexpected by increasing wear or rendering an undesifable influence on the
physicochemical properties of oils. Because of this, before formulating the:
requirements for additives to improve the conditions of friction, it is necessary
to consider the characteristics of the conditlons of friction and types of
damage to surfacgs. -

During liquid friction the surfaces are completely separated by the lubricant,
and a relatlive shift occurs between its layers, Weaf of surfaces is absent, and
friction, except for mechanlical parameters, geometry?of contacting detalls and
expenditure ot lubrlcant, is determined only by the viscosity of the lubricant
at the opﬂrdllng temperature and does not depend on 1lts polar or chemical activity,

Liquid rriction can most easily be ensured in the case of contact of bodies

with #mall] distinction of surface curvature, e.g., for shaft in a slip bearing,

£ gs o
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However, 1t can also abpear during contact of bodies with”great differences
curvature, e.g., in toothed gears, roller bearings, eté., and so forth, if these
friction palrs work at very high speeds,

During liquid.érictlon it 1is no longer necessary to uée additives to lower
friction and wear. L

During semiliquid friction, although the basic load is carried by the oil
£ilm, nevertheless surface contact is observed, alwaysfaccompanied by wear of
surfaces. Semlliquid conditions of friction are observed in most slip and roller
bearings and also in gear transmissions. In those mechanisms, which during
éteady-state operation work in conditions of liquid friction, semiliquid conditions
also exist during starts. ,

Because of this during semiliquid conditions of ffiction in a number cases
it can appear expedient to apply additives to luwer weér énd friction,

Mixed friction is called semidry, dry end liquid with predominance of dry
contact, Semidry friction is charécterized by high wear of surfaces, in a
numpoer of cases leading to jamming., Here we need to uée additives to lower wear
and preovent Jamming of surfaces. During apﬁlication of surface-active additives
adsorbed un surfaces in the form of a film with an oriénfed molercular structure
there oceurs a transition into conditions of threshold friection, at which the
surfaces are separated by a layer of lubricant so thinnthat jts properties
difrfer from Lhe volume properties of Lhe lubricant. The orisnted molecular
clruclure dei -mines the ability of such films to lower fri~tion independerni of
viscocity properties ("olliness") and increase the load of .Jamming of surfacec
("durability of fi]m").- lowever, from the point of view of preventing of jamming,
chemically effeciive antiburr addiflons are more effective: on the metal surfaces
they form compounds of lowered durahility, easily destroyed during grasping of
surfnces, -' '

Analy- iy the eharacler of damages Lo surfaces allows us o esteblich that
this triction reeime 1imite their efticiency. In investigating the character of

15 often possible to recognize the cause of thelr appearance and to

damagce:s L
find methiods of their removal [17.

Phee coehe o3 surfaces ean change from slightly rourh In ordinary operat low
condition: ta completely destroyed as o result of causes detlermined ac wear,

Y.



plastic flow, jammlryr, contact fallzue, corrosiornal chemical Influence and
other damoges appearing during incorrect treaiment of details,

Of all the cnumerated types of damages to friction surfaces only wear and
Jamming can appear in conditlions of Imperfect:friction, 1.e., at eemiliquid,
semidry and threshold condltions, These Lypesiof damage to surfaces are
characteristic for heavily loaded pgear transmiésions, especially for hypoid
automobile transmissions, for slip bearings, wprking in conditions of poor
lubricant or made of materials with low antiffiction qualities, and also in
roller bearings during unfavorable operating cpnditions, especially in the presence

>

ot preliminary deformatlon of rollers,

The appearance of fatijue phenomena very iittle dependc on the lubricating
resime . iatiue painting of surfaces can appé;rvéurlngrliquid condltions of
reiction under the affect of hydrodyﬁamlc pres%ure In the oil film and its
starp Lireskdown vpon reiting out of Lhe contacirreglon whiéh is accompanled
by overstirzing of the material of slip or roll;r'detai;s [2]1, leading to contact
rallrue and paintineg, Tn absence of lubricantidufing point and linear contact
01 surfacas fatire palnting rarely appears oniy because this is prevented hy
profgressive wenar and Jjamming of surfaces, whicﬁ are continuously renovated.

Fatirrue painfing 1o the most wide-spread }ype of damage to heavily loaded
suriaces and 1imits Lhe efl'iclency of pear transmissions and roller hearings
most.,  The propertics of Lthe lubricant can affect the appearance and development.
of fatiprue painting, TL ic known that increasing the viscosltiy of the lubricant
increasen the 1imtt of contact fatigue of surfaces [2], lowerirng the coefficlen
of friction acts in that same direction, but the chemical action of active
antiture addibives can lead Lo lowering the limit of contact ratlpue [4,65],

correctly selected antlburr additives should not evoke corrocion of metal
surfaces, however, 1 specially strong ant.iburr properties arc required, 1t
I3 necearary to compromise and putl up with modgrate correding action of antiburr
addltives,

Thus, we cannol expec!. that antiburr addiﬁives will prevent all types of
damaye Lo purfaces,  'The bacic assignment of antiburr and ant.lwear additives
to lubricotine oils Is to prevent Jémm&nn and lower the prorressive wear of

aarfoaces,  Cthese additives ecan algso aftect other Lypes of damares, however, in




such cases their role is secondary and can be either Sositive or negative,
Let us consider the principles of selecting oil additives for specific
types of friction nodes, :
As a rule, roller bearings do not need oils with antiburr additives.
Slipping between rollers under high contact loads is small, in consequence
of which the local contact temperatures are low. This explains the fact that
cases of Jamming in roller bearings are not wide-spreéd.
The most wide-spread type of damages in roller bearings is fatigue painting,

or pitting. When the rollers accomplish only small oscilla‘ory movements

the characteristic type of demage to surfaces is fretting ‘corrosion, or brinellin,;.1

In connection with this when selecting olls for roller hearings one should

first of all be careful to ensure maximum contact durability of rollers, and for

- oscillatory movement of bearings, prevent fretting corrogion, 1In the first

case 1t 1s recommended to apply high-viscous olls, which according to available

Information [3,4,%], increase the 1imll of contact fatigue. 1In the second case

‘one should ensure abundant feed of oil to surfaces to remove abrasive oxidation

particles f'rom the region of friction in géod time.

When roller bearings have the same lubricating systems, as gear wheels
workine In speclally heavy condltions and requiring antiburr additives, we
must conslder that the latter affect pitting of ballstin a dlifferent manner,
From strongs antiburr additives containinp several active elements, ore should
sooner expeet a negalive action on contact ratigue of surfaces than a positive
one,

Table i plves the results of Scolt's experiments.[h] on the cffect of
addi' tves In a paraffin base oll on ball pitting. The tesls were conductcd on
a four-bal! machine, where the lower balls freely roll In a nup during rofallon

of upper batl with speed of 19,00 RPM. The load on the upper hall wags 600 k.

Y procens of fretting corroslon during smell oseillatory movement

! 3 Y

the wxidived particles of metal wear are not removed f'rom the reglon of fricticn
and, havings higher hoardnes: than the Inftial metal, act an an abraslive prodncing

local hole:,
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Table 1. The Effect of Additives and Fatigue Painting of

Ralls
c?ncggzigtion Average time
. of a ve before begin-
Additive in o1l ing of pa%nt-
% ° ing, min
Without additive .......... - 4a
Disbtylphosphite .......... 1 : h2
"o ceeesssans 10 8
Tricresyl phosphate ....... 1 40
" sesev e 10 !‘3
Elementary sulfur ......... 0,4 58
Elementary sulfur + lead
naphthenate .........000000 10 50
Chlorinated parrafin ...... 1 25
nn 5 1k
"y 10 : 6
Graphite ......ccecevncncns 1 ’ 109
Molybdenum disulfide ...... 1T 79

From the table it is clear that phosphorous eéters elither affect ratigue
durability of surfaces very little (tricresyl phoaphate) as compared to pure
mineral oil, or even lower it (dibulylphosphite); the elementary sulfur additive
evidently increases contact durability somewhat, chlorinated paraffin lowers
11, and such additives as graphite and molybdenum disulfide sharplg increase
the t.ime hefore the beginning of pitting. :

We st note that graphite and molybdenum disulfide simultaneously lower
fretting corrasion somewhat, bdbut they are comparatively weak antiburr additives.

Gear wheels most frequently fall due to paint;ng of the working surfaces
of Leeth, Lo

At specially high contact loads on 1eeth and sufficiently high relative
speeds of slip of the surfaces the efficiency of géar wheels is limited by
Jamming of teeth surfaces. In this case it 18 necessary to add antiburr additives
to olls, . |

Low effliciency 1s characteristic for worm tr&hsmissiohs, which taking
into account losses on friction 1n transmission suﬁports is equal to 0,7-0.9
depending upon the number of approachesn of worm, angle of ascent of the screw °

tie and other factors.! Connected with this 1s the significant heat emiusion

during operation of worm transmissions and their inclination to jamming as a

IThe efficiency of gear transmissions is 0,96-0,99.
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result of disturbance of the oil film under the ef:?ét’of friction temperature.

LN

In an overwhelming majority of cases worm tranagissions fail due to jamming

of the working surfaces of the worm pair (worm and Gdrm wheel)., This makes it

necessary to use antifriction material for worm wheela (most frequently bronze).

AT

Light Jamming appears in the form of the bronze amearing on surface of

M
oY

: ateel worm.  During heavy jamming burrs appear on the working surfaces of worm
{ pair simultaneously accompanied by increase of coef?icient of friction in

engagement.,

An increase in efficiency of worm transmission, 1.e.,, lowering of losses
on friction, can be attained in two ways: 1) by gu;ranteeing 1iquid friction
due to more favorable kinematics and geomeﬁry of engagement or due to application
of high-viscous oil; and 2) by lowering the coefficient of friction as a recult
of application of special antifriction additives to;oiig. Application of

_antifrictlon, polar-active materials to olls for worm transmissions is also
expedient because during starting and stopping a miied character of friction
is always present. To prevent wear and Jamming of Qorking surfaces it is
necessary to combine antifriction additions lowering friction with antiburr
components in oils for worm transgissions. j
Sllp bearings most often fail as a result of wear and jamming of surfaces,

al Lhough correclly desligned, well prepared and normally explolted bearings can

work for a very long time. f»

Wear of bearings appears mainly durlng s!arting and slopping of shaft,
when the friction regime is the heaviest due to the hydrodynamic wedging eftfect,
of the oll film belng absent or very small then. Because of this, to lower
friction in moments of siarting and stopping, and alsoc to create a good threshold

I'ilm it is recommended to add antlifrictlon and antiwear additives to oils for
31ip bearings. A .
Jamming appears during overhea'lng of bearings cauced by intensive ormation
of heat of friction during operation., T[n this case antibur: additives are
inetrfeetive, Overheating may be eliminated only by correct selectlion of oll
viseostity and increasing tts flow through the bearing.
™ conditions of Lhreshold frictlon, at.small speeds of relative slip of

glider alivys the pulde, if is important Lo guarantee constant and low coefficient

-8-




of friction. The independence of coefficient of friction from speed removes
the possibility of appearance of undesirable relaxation oscillations (Jumpg during
friction),
In these cases 1t is expedient to apply antirriction additives to oils
[6, 7). Such additive. can simultaneously 1ower:wear of guides at small slip
speeds of sliders,
Absolutely analogous conditions exist in lubricated friction clutches,
where 1t 1s also necessary to guarantee a coeffi@ient of friction that does
not change with speéd. Here, as above, antifricfion additives, stabilizing

o

friction are used [8].

I.2. Classification of 011 Additives to Improve
Conditions of Frictions, Thelr Requirement and Areas of Application

011 additives to improve conditions of ffic;ion can be divided into threg
basic types according to their character: 1) ant;friction, 2) antiwear and'
3) antiburr, | f
The basic requ;gepents_for these. additives 9fe'the following.
Antifriétion additives have to lower and st;bilize the coefficient of
friction; antiwear additives should eliminate pr;gressive wear of surfaces
during moderate and high loads; antiburr additivés should increase load of Jjamming
and soften the process of jamming, decreasing su%face damage and friction.
However, in a number of cases there should fé spec1f1c>requirements ahd,
furthermore, we should add to them a number of s;éopdary onesg, without observance
of which normal exploitation of oils with additibﬁé is impossible.
1. By preventing jamming of surfaces, antisur? additives whose mechanism
of action consists of chemical reaction with ?pefme%al surface should not
increase wear at. moderate loads as compared to ﬁéar on purewoil, i.e.,, should
not. be chemically agegressive. When the antibufrfﬁdaitive by itself cannot
ensure this conditlon, a special antiwear compon}ht; preventing progressive
wear of surfaces should he provided. , i
2. Additives should not evoke corrosion of‘steel and nonferrous alloys
at operational temperatures of oil and rusting of steel surfaces in conditions

of heightened humidity. 1If, however, the additive cannot ensure this condition,
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a speclal anticorrosive component preventing aggressive action of the additive

should be added. Ry

3. Additives have to possess stability of properties in operation in

.accordance with their special purpose assignment, 1.e., should not lose antiburr

ability, antiwear or antifriction properties as a result of reaction with metal
or any other transformations.

4, Additives have to be thermally stable in a given range of temperatures,
should not decompose and should not precipitate.

5. - Additives have to be soluble in base oils and stable in solution during
storage. If the additive gives a colloidal solution in oil, it should not be
soluble in water, specially when due to operating cohditions water can get into
the lubrication system. )

6. Additives should not negatively affect any of the physicochemical
propertiés of the base oil, should not worsen its thermal stability,

viscosity-temperature properties, should not lower the temperature of flash or

" increase the temperatdre of thickening, etc.

7. It is desirable that the additive not have a sharp odor since this
will prevent its use in oils used in closed locatlons.

#. Additives should not destroy lining materials (rhbber, leather, etc.).

9, 1If additlives that improve friction promote 0ll foaming or worsen its
demulslfylng ability components preventing these phenomena should be provided
(antifoam or demulsifier).

10. The technology of producing additive should not be too complicated,
and the raw materials should be sufficiently accessible.

14. Antiburr additives to oils for hypoid automobile transmissions have
to ensure the work of pear teeth surfaces without jamming on very different
regimes: both at high contact loads and low speeds and at high speeds and impactl

load: on «ear teeth,

As additives to lower shading and wear and prevent jamming the following
type: of -ompounds are applied in pure form and in comblnationg:

1) Animal or vegetable fats and fatty acids;

) organic compound of sulfur;

<}  orpanic compounds containing balides (mainly‘chlorine);

<10~
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4) organic compound of phosphorus;

5) Organic compound of nitrogen;

6) Different compounds of metals (e.g., lead soaps, oxidized and sulfuar

compounds of molybdenum, su’fur compounds of tungsten, organic compounds ci zine,

, PP N R
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colloidal iron and others);

7) Compounds containing several active elements in one molecule (sulfur,

chlerine, phosphorus and others).

e S G ERY g et O

All these additives have the abiliiy to simultaneously lower friction and

s et 1%,

wear, and also to prevent Jamming, but in different degrees depending on the

character of the compound and its concentration in the oil.

IR RN

The first of six enumerated types of compounds lowers friction most and

prevenlis jamming least. Thus, an additive of this type, having high surface-

active properties, can practically be considered antifriction, but not antiburr.

At the dawn of development of technology animal and vegtable fats were

the first lubricating means. At present they are applied only as additives to

mineral oils for heavily loaded slip bearings and worm transmissions, They are

rejected as additions to oils for lubricant of cylinders of piston engines

(w!th the exception of steam engines), compressors and engines of internal

combustion inasmuch as they lower the resistance of oils to oxidation.

e
tnsle L’zu’x.a—:htcr:éﬁ‘l‘ni&a‘h‘.‘am‘ alare

Antiwear additives ave applieda in 0ils to lubricate mechanisms whose surfaces

do not carry “igh loads, but because 07 unfavorable kinematic or temperature

sl e N

conditlonz, due to poor lubricant or chemically aggressive influence of medium

e g

are subjected to progressive wear., Bearings of semiliquid friection, pairs,

A
TP T

performing return — forward movemants — pis.on groups of internal combustion

engines, operate in these conditions.

artg Lt

Antiburr additives of average activity are applied in oills to lubricate
heavily loaded industrial gear transmissions, where heightened wear is observed

and cases of jamming of gear teeth suriaces are met. Among such transmissions

are reductors and gear cages of mechanisms of rolling mills, automobile power
transmissions (with the exception of hypoid transmissions, for which strong

antiburr additives are needed), etc. In these cases sufficiently effective

one additives, constituting a compound with one active elements (sulfur or

chlorine).

«ll~
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Of the three enumerated types of additives antiburr are used most; the

tasic region of their application is automobile transmission.

Antivurr additives were first applied in the 1920's in connection with the
use of hypold transmizsions on automobiles, The additives were selected purely
empirically, and only in the last two decades have a numbter of works appeared
dedicated to the mechanism of action of antibur» additives and theoretical
foundation of their application. Although hypoid transmissions have a large
sdvantage from the point of view of simplicity of teeth and construction
possibilities, according to conditions of friction the work of teeth of such
gears is significantly complicated. The high contact pressures and slip speeds
cavse intensiv. ..eat emission, which for hydrodynamically unfavorable geometiry

of teeth and relatively high actual (but not nominal) area of contact leads

to distrubance of the oil film and intensive development of the process of jamuning.

Therefore, expioitatic. of hypoid transmissions is impossible without application
of oils with strong antiburr additives.

The high effectiveness of strong antiburr additives is ensured by oresence
of severai actlive elements, This may be attained by application of a composition
of &u number of compovnds, each of which contains onl'- one active element, or one
compound with several aclive elements in 'ts molecuie. The effertiveness of
thege additives depends, of course, on the character of the compounds; however,

- sclection of compornents of strong antiburr additives will be sucressful wren a
cempusition of compounds conuaining different functional rroups supplementing
one ancther can thus be obtained.

Strong antiburr additions shon'd not be appiied at moderate condiions of
ifriction, when ther< is no danger of apuearanre of jamming of surfaces, since,
being aggressive, they ran evoke heightened wear and corrosion of metal, “or
wnstance, it is nor recommended to apply in automoblile transmissions boxes
0iis with strong antiourr sdditives intended for hypoid transmicsions.

Tre first oils for gear transmissions were high-viscous il products,
contsining an addifive of active sulfur. In 1937, $0% all iubricants applied
in typot{d transmissionc telonged to the type of lead soaps with active snulfur.

faring the Second Vlorld War ir. the United States and PFnpland it became

aneassary 1o creats unsversel olis with additives, whieh eruld be applied noe
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only in hypoid transmissions of passenger automobiles, but also in tranemissions
of other types of self-propelled and other equipment. In connection with this
it was undertaken to develop additives of a new type in exchange for lead
narthenate and sulphurized fat additives,

From 1640 { =21gn technicians began to iIntroduce chlorine compovnds into
olls contalning additives of lead soaps and sulfur;,; these olls are applied even
til1l now mainly for hypoid transmissions of trucks.

It was £or .d that additives conslisting of organic compounds of sulfur and
chlorine nossess graater unlversality than adéitives containing lead soap.
Therefore up to 1645 (il with sulfochloro-containing additives were widely
applied, but after 1645, besides compounds of sulfur and chlorine, compounds of
phosphorus were introduced into anliburr additives [G].

The introduction of frictional mechanisms of block differentials lubricated
from one system wilh gears and having frictional disks made from materials
destroyed under the action of certain chemically active additives, and also
necessity of guaranteeing a constant coefficient of friction (independence of it
from speed and exclusion of jumps during friciion) even more complicated the
question of selecting additives to oils for heavily lcaded transmissions. 1In
connection with this, starting from 1953 and up to 1970, in foreign lands work
was ccnducted to create a new type of additive to automcbile transmission oils
(10, 41].

The fruit of this work was GIL-U4 oil, as was assumed, universal for all
aperat ing conditlons and jor all forms of automotile and ot:er self-propelled
equipment, According tc the patent data the additives to this ol are
multiconponer.. They include n antiburr additive, (sulfur -and chlorine-
containing compounds), an'iwear compoanent (zinc dialkyldithiorosphate acic
is also simulianeously an anticorrosive and antifriction component |12,13,14]).
Tepending ipon the Intensity of operating conditions of transmissions the
concentration of addivives in the ©¢ll can change from 3 to 189,

Tet urc give the results of appraising the behavior of old and new types

or aldi.ives in 0!l according to the methods of the United 3tates at different
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High torque and Impact loads on teeth and high rpm
low rpm
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§ . J 5 santopoid ] . Bulck-104
[ ) . o :
6.5% Santopoid 22 RI |} Pt ipasgs
10% Santopoid 22 RI f'gztoggm

‘ Lead soaés and active sulfur .

Fig. 1. Regions of regimes of satisfactory work of additives
containing lead soap and active sulfur and additives contain-

ing a sulfur-chlorine camponent gray-chloric horse-nt and
zinc dialkyldithiophosvhate (Santopoid 22 RI and “antopoid
23 RI).

test rerimes in rear axles of automobiles (Fig. 1): 1) at high moment and 1o

speeds (CRC L-20 and CRC L-37) and 2) at high speeds with sharp braking, provoking

impact load on teetb of gears (CRC 1-13 and CRC L-%42) [10, 11),
The CRC L-20 method, fulfilling the snmecifications of the US Departmen® of
material supply of troops (MIL-L-2105) recently was replaced according to

specifications MIL-1~002105A on GL-4 oil by a new, more risid method,

LR e.T

ok Taln I 2ad
-~ -,

impact high-speed wests are calculated to evaluate the benavior of oiis

in transmissions of light automobiles, for which a ride witl sharp traking

in the ~ity is characteristinc., According Lo the 0ld specifications MIL-L-P30%

the (RC 1.-19 method consisted of rolling and two impact hizgh-speed cycles of

tests, At present for GL-% 01l according to MIL-T-702105A this method is replaced

by the more rigid ~R.-L-%2, which consists of three cycles. Zven more rigid

impact high-spced tesis are corncucted according to Bulck-1CA method.

Suce essive trials at 4ifferent conditions allow revealing ‘he differences
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in behavior of additives in oil depending upon test conditions in transmissions

of automobiles; this is 1llustrated by the data of Figure 1. The region of
satisfactory work of oil with additives of lead soaps and active sulfur is

limited by the shaded band; oil with Santopoid 22 RI acts differently depending
upon concentration of the addition (see in Figure 1 the white bands with indication
of percent of additive in oil) [14]. To the right in order of increasing rigidity
of tests are located the regimes of high-speed tests, to the left in order of
increasing rigidity of regimes (from right to left) are represented the tests

at high torque and low speeds.

As can be seen from Figure 1, 0il with additive of lead soaps and active
sulfur acts satisfactorily during regimes of impact high-speed tests characteristic
for ride of passenger automobiles in cities, and does not pass the tests at high
torque and low speeds. (il with small concentration of Santopoid 22 RI additive
(v¢) satisfactorily passes the CRC L-19 and CRC L-20 tests, 1.e., corresponds to
the old specifications on oils MIL L-2105., At concentration of 6.5% the
additive also satisfies the more rigid, CRC L-37 method. Increasing the
concentration Lo 10% gives positive results of testing by the CRC 1-42
impact high-spced method, i.e., satisfies the new specifications of the US
Department of Material Supply of Troops MIL L-002105A on sutomobile transmissional
oils. Finully, for the oll to pass the test according to the Buick-10A method,

it is necessary to bring the concentration of addition Santopoid 22 RI in oil to

-
a 24
155,

In this the remaining new additives also act: already in small concentraticn
tney are effective durine work at high torque and low speed, corresponding o
the conditions of ride of trucks: but to guarantee the work of transmissions
at impact high-speed regimes of passenger automobiles a sufficiently high
concentration of these additives is required in the oil.

In mectallurgical machine building to lubricate roller gears and power
reductors of rolling mills, carrying high impact loads, usually oils with
additives of lead soaps and sulphurized fats are applied. lead soap, besides
good antiburr properties, possess high demilsifying ability, which is very
important, since water frequently fets into lubricating systems of mechanisms

of rolling mills, this water is pas:ed under high pressurc to knock the sinter
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from the rolled metal,

In recent years antiburr additions for turbine transmissions were also
developed.

Because turbine oils move to turbine mechanisms from a single circulatory
system of lubricant and simultaneously service power reductors and bearinge of
liquid friction with babbit filling, they have %to possess heightened antiburr
properties and should not evoke corrosion of nonferrous alloys or wear of slip
bearings. This last condition is especlally important, since an aggressive
action on the working surface can lead to increase of gaps in bearings and

distrubance of their hydrodynamic characteristics.

et e e ot e S —— s = e S -

Hydrotransmissions united with toothed transmissions in diesel locomotives,
automobiles and the like, recently obtaining wide use, made it necessary to
develop o0ils with antiwear additives.

For such additives for this goal the most useful turned out to be bimetalic
salts of dialkyldithiophosphoric acids (salts of barium and zinc), since the
barium salts ensure the necessary washing properties, and zinc dialkyldithio-
phosphates possess the best antiwear properties and simultanecusly increase the
load of jamming of surfaces.

In textile machine building antifriction additives are mainly appiicd to
spindle and machine oils. In such a way power consumption is lowered, which
to a significant degree determines the price of textile production. Recently
there have been attempts to increase the stability of spindle oils, in order
to increase the periods of continuous work of spindles. Stoppages of machines
during production of yarn to replace the cil =2 1 wash the step bearings of a
large quantity of spindles sufficiently increases the cost of production. TIn
connection with this stahilizing and washing additives are now introduced into
spindle oils in combination wilh antifriction additives.

Fer ringspinning machines it is important to lower th« friability of thread,
connected with jamming between ring and runner due to insufficient antiburr and
antifriction properties of lubricating materials or due to the presence of
deposits on ring surfaces. Therefore the development of oils for these mechanisms

goes towards selecting the appropriate additives and improving the stability

of ¢ils.
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Gears of metal-cutting machines do not carry high loads. Therefore, selecting
entiwear additives to oils for gear transmissions of machines is not necessary.
Development of oils for metal-cutting machines was conducted in direction of
selecting antifriction additives, ensuring smoothness of movement of supports or
face plates along the guides of machines [6],

Methods of testing oils with additives are illuminated in literature [7],

therefore in this book the author does not consider them.
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1I. SELECTING OIL ADDITIVES TO IMPROVE CONDITIONS OF FRICTION

II. 1. CUKNTEMPORARY DIRECTION IN SELECTING ADDITIVES
TO IMPROVE. CONDITIONS OF FRICTION

A. Antifriction Additives

As was indicated ahove when friction surfaces are operating it is important
to: 1) lower friction; 2) lower wear; and 3) prevent jamming of surfaces.

These conditions are not aluays directly interconnected, i.e., maximum
lowering of friction will not always be follcwed by minimum wear of surfaces
and, conversely, maximum lowering of wear is not necessarily accompanied by
minimum losses of power,

In most cases it is most important to prevent damage to the surface,
however, there is also a need in selecting o0il additives t~ stabilize lower
friction. Such antifricticn additives or additives improving oiliness are

ce-active materials.

wspecially high surface-zctive properties are possesced by fatty acids
adsorted on the metal surface in carboxyl groups and capable of a light shift
belween the facing radicals of neighboring molecules,

The atility of polar-active organic compounds with lonz chains o 1lower
friction was first investigated by Gardi, who found that with increase of the
hydrocarton ehain length the coefficient of “riction drops and that the lowest
coefticients of friction drops and that the lowest coefficiencs of fristion are

obtained during lubrication with fatty acids, and tre larsest during lurrication
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with paraffins,
Good antifriction and additives are the natural fats
of animal and vegetable origins, constituting esters of

glycerine and high-molecular fatty aclds.

Fig. 2. The effect Other types of surface-active materials containing

of antifriction
additives on

change of coeffi-
cient of friction
(f) with slip

speed (v). A)

0.6% sulphurized
sperm oil; B) 5%
sulphurized sperm
oil; C) 0.6% limit-
ing fatty acid with
long chain; D) min-
eral oil without
additive.

carboxyl groups are resinous acids. Tall oil applled for
production of additives improving the conditions of friction
is a mixture fatty and resinous acids and is a byproduct
sulfate cellulose production,

Finally, a third type of surface-active material
containing carboxyl group are the naphthenic acids; these

are monobasic acids containing alkylated cyclopentane rings.

The average esters of polybasic acids or polyatomic alcohols to a significant
degree lose their antifriction properties due to their molecules being adsorbed on
metal in a lying position [20]. 1In connection with this incomplete esters preserving
carboxyl or hydroxyl groups are more effective antifriction additives.

Among the antifriction additives of this type, used in foreign lands, is,

e.g., pentaerythritol monocoleate,

Figure 2 gives the results of Sprag and Cunningham!s experiment:s on the effect

of antifriction additives to mineral oil on change of coefficient friction with

speed [8]. This research was conducted to develop a fluid with special antifriction

characteristics preventing vibration during friction at the moment of starting disk
friction clutches.

Pure mineral oil gives a coefficient of friction strongly changing due to
slip speed (see Figure 2)}. As a result relaxation oscillations arpear, i.e.,
Jumps during friction at the moment of braking. A somewhat more sloping
characteristic is obtained with a 0.6% sulphurized sperm oil additive. The addition
of 5% sulphurized sperm oil and, to an even larger degree, 0.6% limiting fatty acid
with a long chein lowers the static coefficient of friction (see the start cof
curves a2t s = 0) in comparison with the kinetic. Certain antifriction additives
in combination with antioxidants (for instance, with zinc dialkyldithiophosphate

lose their antifriction properties during friction in the presence of copper alloys.
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Fig. 3. lowering the
coefficient of fric-
tion or cork and
plumbous bronze on
steel depending upon
the additive applied
to oil. Dotted line

o o
¢ w

— coefflclent of fric-

tion for mineral oil
without. additive;

C) steel; II) cork;

B) bronze (8% Pb);

C¥) additive of sul-
vhurized sperm oil;

ﬂz additive of zink

dialkyldithiophos~
phate.
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As can be seen from Figure 3, zinc
dilkyldithiophosphate, which is an inhibitor of
corrosion and oxidation, does not affect the coefficient
of friction of cork on steel lubricated by oil with
sulphurized sperm fat additive, but brings to zero
the antifriction effect of this additive during
friction of bronze on steel. This result is natural,
inasmuch as in presence of such active metals as
copper alloys sulphurized sperm oil acts not so much
as an adsorptive, but as a chemiscrbtive.

Among the salts of fatty acids able to stabilize
the coefficient of friction one should mention aluminum

stearate, contained, e.g., in [VNIINP-401] ( BHWVHII-401)

o0il applied for removal of Jjumps during friction in guides of metal-cutting

machines [VNIINP: All-Union Scientific Research Institute for Processing 0il

and Gas and Production of Artificial Liquid Fuels].
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Fig. 4. Dependence
of coefricient of
static friction of
cast iron on cast
iron on the duration
of motionless con-
tact durirng lubri-
cation by different
oils, 1) industrial
0il 4%; 2) Indus-
irial 4y 4+ 3% oleic
acid: 3) industrial
45 4+ 407 chloroparaf-
rin; %) VNIINP-401
oil.

Figures 4 and 5 give tre
results of testing different oils in guides of metal-
cutting machines [6]. VNIINP-#01 oil with aluminum
stearale additive gilves the lowest value of the
coefficient of static friction depending upon duration
of surface contact (Fig. 4) and the most constant
coefficient of friction depending upon slip speed (Fig. 5).
At high specific loads on the surface polar-active
antifriction substances evoke heightened wear of surfaces
due to dispersive action, i.e., the penetration of
surface-active molecules in microscopic cracks, spreading

under influence of internal pressures of the oil film

(Rebinder effect).

Thic explains the results obtained by Iarso and Perry [26], who inves‘i~ated

the effe:t of polar-ac!ive additives

Lo SAF-10 0il on wear of friction curfarec,

The test was conducted on a four-ball machine (rpm of upner sphere [0,

constant

the follwing met? od.

load on upper cphere 7 ke,

temperature of oil 13000 accordins in
p
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Fig. 5. Dependence of
coefricient of friction
of cast iron on cast
iron on the slip speed
during iibrication by
different oils.
Conditional designa-
tions, see Fig. 4.
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Fig. 6. The affect of
polar-active materlals

on friction and wear of
steel surfaces. 1) min-
eral oil SAE-10; 2) palm
oil; 3) mineral oll SAE-10
with 1% oleic acid.
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To preclude the effect of lubricants on flow of
spot wear in the first period of tests, on surface
of balls a hole was produced under, lubrication by
the same SAE-10 oil for 1, 5, 15, 30, 60 and 120
minutes, After each such period of processing pure
oil was poured out and the cup was filled with the
test lubricant. Then the machine was operated until
the coefficient friction became constant, for which
a 30-minute test was sufficient,

Figures 6 and 7 give the results of tests
by this method. The pointers in Fig. & indicate
increase of spot wear of the sphere in the test
0il after processing on SAE-10 oil for 1 minute.
In the order of sequence from left to right the
experimental points for each curve correspond
to a period of processing in SAE-10 o1l for 1, 5, 15,
30, 60 and 120 min.

The curves give the dependence of coefficient
of friction on diameter of spot wear or on specific
load on contact surface,

These curves show that fatty acids (specially
unsaturated) maximally lower friction, but strongly
increase surface wear, the investigated salts and

esters of fatty acids increase friction and wear

mineral oil, with the exception of lead naphthenate,

which in general somewhat lowers friction.

Iecithin, a mixture of esters of fatty acids and phosphoric azid, also

lowers friction.

The dependence of the coefficient of friction on concentration of polar-

active substances at specific load of 1000 kgybma is shown in Fig. 8.

-21-

af.

e,

SN PRI T R LC TRt - MULS IPRCEe PRI A E R & 2 AL

RIS SV

R PRy




;
i
i
r‘
]
;
i
i
R s

i

£
L
Y
[
C
; 1
i
“ £
K
o
8 ] |/ S —
e 3 ¢
8 Lt o
E ¢ r igm ;’2" "-_‘L 4 .
“ {s
° \ '] "; J
t
5 £ o \ ]
3 ) V) S \ \ \ .
';-‘ k g e A, \ b s
e . 75\ \ § \. -
" g A
pressure, kefou’ t.‘ w— ~;] 7
B3 iz § 8 ’
) W @ O z
& O e &S s a a0z 403 Q04 qes 896 go7
\ Diametor of spot wear, mn . Conoentraticn of sadditive in mineral o0il SAE-1U%
Flg. 7. The effect of addi- Fig. 8. Dependence of coefficient
tives of fatty acids, esters of friction of steel on steel an
and soaps on friction sur- the concentration of fatty acid H
face wear. 1) mineral oil additives in mineral oil, 1) a-
SAE-10; 2) the same with 5% mercaptclanric acid; 2) stearic
olaet sodium oleale; 3) the acid; 3} lauric acid; ug elaijdic
same with %% methyl oleate; acid; %) heptene acig; ) oleic
4) the same with 6 .69 lead acid; 7) benzoyl nonylenic acig;
naphtnenate; 5) ihe same 8) fatty acids from castor oil,
with 10% palmitin; ¢ the 9) undecenoic acid,
same with 14 soy lec.ithing
7) the same with 4.# 2laidic
acid; 8) the same with %9 B, Antiwear Additives
ste:ric acid; g) the sawe
with 5% heplene acid;
10) .he same with *% Hleic In conditions of low locads, very Zow
ac’u; 11} the same with
5% undecenoic  acid; 12) the speeds and static friction the same polar
same with 5% acids from
castoric oil, substances possessing antifriction
prsperlics can corve oo antiwear additives., However, at wifn loadc they, conversely,
increase aurface wear, and under the influence of temperature lose the ability
t . ue adsorbed on surfaces [217.
k< 1. Antiwear Additives Containing Elements of Group V
4 The stronpest antivwear proverties belens to certain compounds of phosphorus,
-
ar. i ard antimony. Derivitieo of phosphoric and phosphorous acids., Their '
; nevwibral and acid vstere und salts of acid esters have obtainad wide application
:i o oatiwenr additives Lo ooits (20, “2, 25), As a rule, thece compounds have weak )
g b iary properting, 1L,e,,they very little or almost do not increase the load of
rannin, of friction curfao L an conmpared vo pure oils, At the same time those !

sty olten 2y nol opty satiwear addifives, but alse lower the oxidizarility

.

toite o and thely corrocional asrrrrersiveness and Improve tinir washing properties. ;
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. . z;nmuxd;ﬁ* Among such compounds are tributyl,
i. 1) ) v triphenyl, tricresyl phosphates and other
%,, » 7 1 ! similar products. For instance, the known ‘7
g:: ;— i ,-;,/' [ ) antiwear additive santolube-31 is a é )
;5., ] /’“/ - .::f" phosphorous ester of alkylated phenol. %
i > w;‘:’::ev""[' Adding this additive to oil fp- quantity
S e L L L of 0.25-1%, besides improving antiwear

Fig. 9. Iowering surfaces vear
under the effecl of sulphurized
sperm o1l and tricresyl phosphate
additives in miner?l oil, 1) mo-
tor oil SAE-20; 2) aviation oil .
SAE-120; 3) SAE-20 with 1% sperm . In patent literature we encounter
0il; 4) the same with 1% tri-
cresyl phosphate,

proverties, also improves the

thermooxidizing stability of oil [22].

in practice as antiwear additives

compositions of phosphoric este.s and

fatiy aclids and their esters (including with fatty oils), ketones and compounds of

an unsaturated character [24],
Iecithin, which, as noted above, can serve as an antifriction additive,
also possesses good antlwear properties (Figs. 7 and 10). However, the application
of this product for this goal is very limited.
Similar compounds in combination with fatty acids in solution of vaseline
0il were Investigated by Beeck and co-authors [2€] on a four-ball machine. Test

comlitions: balls with copper covering, constant load on upper ball 2.2 kg, rpm

of upper bali 120,
It wag found that a combination of additives — tricresyl phosphate,
triphenyl nhosphate or triphenyl arcine with fatty acids, their esters and salts
in petroleum oll — glves especially slgnificant effect of lowering wear as compared
to wear jin pure oil. The zuthors explalned this effect by Jjoint “"chemical

polishing" action of phosphoric compounds and the wedging action of pular-active

materials, ensuring a "quasibydrodynamic" action of lubricant in conditions of
threshold friction.

1arson and Perry investigated the influence of phosphoric compounds on
surface wear on a four-ball machine [16].

The depondence of wear of balls on load on upper ball is shown in Fig. 9.
From the curves it is c¢lear that oil with 1% tricresyl phosphate substantially

lowers wear as compared to pure mineral oils and as compared to cil containing
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WP *'“;“‘“‘“ﬂ 1% sulphurized sperm fat, althougl the last
3 f
. g
547 Z ; one also acts as an antiwear additive.
= 2 i 4
§~4 v hN *_HijAL The results of research on the effect
. ;
2 . re .
; * g '\" \\% [0 / J of concentration of various esters and
"'; "“l \'J: - -~ / -
sa ] 3 & acids on wear of balls under constant tc
§ a2 \‘ il e~ /
5, l s l load of 7 kg on the upper ball and at oil ;
P T T T R v 1] 4 . o
Concentration o1 esditive iR temperaturce of 130°C are shown in Fig. 10,

SAR~20 0il &

" 5 . ne tes s, im 125
Fig. 10. TInfluence of concentra- The test lasted 2 hour Minimum wear was

tion of esiers and acids in SAE-
0 oil on wear of balls under

small itoad (7 ke) on the upper .
ball (for ogg wi%hout agdgi?ve products — tricresyl phosphate,
1, = 0.7 mm), 1) methyldichlo-

rocierecate; 2) dichlorstearic

~cid;  3) dilaucyldisulfyl; The optimum concentration of phosphoric
%) free sulfur; %) sulphurized
sperm «11; ©6) mercaptclauric
*ciay 7)) dilaurylphosphate:

- ») tricrasyl phosphate; 9) soy rorresponding in viccesity to SAE-20 coil,
i dtnin,

again obtained for phosphor — countaining

dilaurylphosphate and natural lecitnin,

:sters is approximate:y i% in mineral oil,

)

For lecithin the concentration in oil which

cporominimom weayr ic 100 times lower,

¢

Peal and collearues [27] investigated the antiwear properties of a
Lo £ of eslers of phogphorie and phosphinic acids. Tre zuthors report

trr 1 thece compounds simu’ teneously posses: high antiburr properties. However,

¢ ' .rs ol phosphine, and even mere sc oxyphesphoric acids, are insufficiently
ctade, wiln che wrceplion of more or Iess statle aromatic phospnines. Thus,
wadmer {24] indicetes the effectiveness of Miller's additive, — diphenyl

. < ,te: of phenylphosphenic acid

2B CJ%:«“J&M
L .
i applied during tne war as an antiwear additive to cil..
; The research of phosphoric esters conducted by F. I. Sanin, Ye, £. :
. Jreepe:leva and others [P8] was essentially dedicated to study thelr antilburr,

not
F ! but /TAEir antiwcar properties, and showed tnat the antiburr effectivenezs

~
[ b

vhouf phosphorie, phosphorous and phosphinic acids s low. Phosphorus
- oo ity procperj2s b Tnerease the loed of jammingr, tut does not '
i_ NI PO BT NS A R voors o proaphirie acids, Ptaving tydrocarbon radicais,

v b, ceebiined with phespborus, are signitTicantly more zctive than esters

fainin s onty the alkoxy groups, e o,, <sters cof phosphorous acid. So trne

‘. 24 )
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length of the hydrocarbon chain of esters of alkylphosphinic acids increases

their antiburr properties increase.

2, Sulpur-Containing Antiwear Additives

- Sulpur-containing organic compounds can simultaneously serve as antiwvear :
and anticorrosive additives to clls, é

As Ya. M, Slobodin and cthers [29]} esteblished, esters of B,B'- !

diethanoldisulfide and fatty acidc, depicted by the general formula

RCOOCH,CH, £ —8—CH,CH,00CR

(where R is the alkyl radical), have good antiwear and anticorrosion properties.

Synthesis of the product consists of three stages.

1. Synthesis of ethylene sulfide from ethylene oxide and thiourea:

\

CHy—CH, 4-H,NCNH, — CHy— CON
d/ l Qs:rfﬂr+ﬂai H,

2. Synthesis mercaptoethyl ester from ethylene sulfide and fatty acid:

o
—cy+n—-¢ ;
c\n.. /cn.+ \.: :ooocna.sa

3. Oxidation of mercaptoethyl ester by atmospheric oxygen in presence

of traces of FE+2:

. . OCHA 8
H4— 04 = ’
ZRCOOCHLCH,SH 450y m-&+w
The obtained product called [MDS] (MOC), is an effective antiwear additive
and a weak antiburr one. To lower wear the additive is introduced into oil up
to 5% by weight.
During sulfurization of fatty cils sulfur is joined in places of unsaturated

b ' bends, forming high-molecular compounds of the type
; | 4
4L

| + 4
S 4 -t
LR |
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ihese products possess geod antiwear, antifriction and anticorrosion

properties and, in a number ¢f cases, stabilize oil agalinst oxidation.

Since in bridges sulfur is sufficiently durably combined, compounds of
such type do not substantially affect antiburr properties of oils, even
when added to them in significant quantities.

Sulfurized terpenes and olefins have attained propagation as antiwear
addiives [30].

Culfurized terpenes are multitunctional additives {vru mip 564-55)
( Bry MHI1 564-55), which are simultarecously antiwear and anticorrosion additives,
They are a brown liquid with molecular weight near 400, viscosity of 23-2%
wentistokes at 10000, witn sulfur content of about 30%,

During sulfurization of terpene a reaction between dipentene arnd elemer.lary

calfur occurs, which, as is assumed [31], can pass aczording to one of the

f Plowing diagrams:

8
CH, CV \ cY,
N\
—— 8
2 +48 &
CH,—CaCH, CH, H,—s—-CH, H,
1
8

"Suiphurized Terpenzs” are appiied in foreign lands as an antiwear compone ¢

3 oomier oude, and also as an inbibitor of corrosion ani oxidation: they are \
g ! - :
i Eroltuea by MBtandeed Y e tne name "tain add" i d by "Amoco Chemi.al” .
B t
- e e oname "Amoeo-hat this 2 lditive 15 added to motor ~ils in quantity
o .
. {
3 3. o ! oy i
: g
g i
. i
g i :
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Sulphurized clefin hydrocarbons utilized as antiwear additives have the

general formula
ﬂh-ﬂ“hh*¢":§ﬂ-«3hh—cﬂn
or

CHy (CHJa m CH — CH ~ (CH 3o — Cily
Bty (8 it — bt~ it

Patent literature describes sulfurization of unsaturated fatty acids
and their esters [32], and also olefin hydracarbons and their polymers,
polyisobutylene, linear polymer of methylpentadiene, olefins with aromatie,
radical, stryrol, stilbene, mono- and dephenylbutadiene [33].

Calaysts are used to obtain sulphurized olefin hydrocarbons with durably
combined sulfur: sulfide of alkali metals, aluminum chloride, oxide or
hydroxide of metals, amines or amonia [34]. Sulfurization is conduct by
elementary sulfur, carbon bisulfide, hydrogen sulfide and mercaptans [35].
In most cases mercaptans, 2-mercaptobenzothiazol and its derivatives, and
also dithiocarbamates are applied as accelerators of sulfurization or
passivators, removing corrosion ability of the sulphurized product.

Depending upon the durability of the sulfur bond and the length of the
molecule'’s hydrocarbon chain the additive may be slightly active, only
lowering wear during mcderate conditions of friction, or active, having high
antiburr properties.

Zthyl ethers of 5,5'adialkylxanthogenate, "xantbols" synthesized by the

1
Shaumyan Lenigrad 0il Refinery [36] from Chlorex (B,f -dichlorosthyl ether

and zanthogenate according to this diagram

2R0C~SKe 4 Cl-~CHy ~CHy— 0 - CHy—CH, ~Cl <5 2MeCl 4

are weak ant.iburr additives, but can he applied to lower wear during

muderate conditions of friction, They are added to oil in quantity of about
~

r'e
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Cettaln sulfurous compounds containing aromatic cycles also have antiwear
Aproperiies. Such compounds in a number of cases have antioxidant and
. anticorrosive properties to a greater degree than antiwear properties, For
instznce, sulfurized alkylphenols, in which sulfur is combined with the
aromatic cycle, are more effective as inhlbitors and less are effective as
antiwear agents in contrast to aromatic sulfides of the dibenzylsulfide, in

which the sulfur is in the alkyl group and which possess the best antiwear

properties,

3. Sulfur-Phosphorus Containing Antiwear Additives

Thiophosphoric compoinds, as a rule, are effective additives te oils

for lowering surface wear under moderate loads.
To obtain thiopho:phoric compounds having antiwear properties, most
frequently the reaction of phosphorus sulfide (basically Pess) with organic

compounds havipz mobile hydrogen, and double bonds or containing oxygen is

The reaction of P285 with products having mobile hydrogen

Among Lhese compounds are alcoho.s, phenols, acids, and amlnes [37].

As a result of action of P235 on alcohols and phenols

RO 8
P8, +4ROH £+ 2 Y +Bs8
RO SH

we obtain acid esters of dithiophosphoric acid. Analogous products are

cbtained by the reaction of Pz” with acids:

S,

Tn certaln cases a mixture of alcohols or phenols with monobasic acids

j5 usod, and the obtained acid esters correspond to the formula -

RCOO S
\r,

n.o/ ot
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Among the alcohols used to obtain esters of dithiophosphoric and

phosphorous acids various aliphatic, aromatic and alicyclic alcohols, alcohol-
esters ind giycols, but from and among the phenols, ~ phenol, alkylated phenol,
napht- , etc., and patented [26].

As a resulit of the action of P285 on amines the following types of
compounds can be obtained, depending upcn the conditions of the reaction and
the character of the amines [25].

a) For primary amines: diamidodithiophosphoric acids

QANH, 4 P8, ++ 2(ANH), PSSH 4 H,8

or neutral triamide

ORNH, +- P,8, =+ 2 (RNH), P8 + 3H,S;

b) Yor secondary amines: monoamidodithiophosphoric acids

ZR,NH 4 PySy ~» R,NPS (SH); + R,NPS,,

or diamidodithiophosphoric acids

RN
GNH P42  DPSSH+IMN + H,S,
RHN

or (during prolonged heating) triamide l

12R,NH + PyS; — 2(RNH), PS + 6R,N 4 38,8

Acid esters cannot be used as o1l additives since they are unstable
and easily oxidize in presence of air and hydrolyze under *he effect of
moisture. Therefore their derivitives are applied; the methods of obtaining
them are given below [38].

1. Neutralization of acid esters by organic bases. Such diesters of
dithiophosphoric acids are sometimes used as inhibitors of oxidation or
corrosion, but they are also effective as antiwear components to strong antiburr
additives, since they lower surface wear at low loads; among such compounds
are the additives YNIINP-353 and [LZ-30] (Ji3-30) obtlained by reactions of
alkylphends With phosphorus pentasulfide.
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with phosphorus pentasulfide.

2. C(xldation of acid esters of dithiophosphoric acid in disulfides

(RO); P—8—8—P(OR);

3., Transformation of esters of dithiophosphoric acid into salts by

reaction with metallic hases or with metallic oxides, e.g.,

20 0 8
N ixous +HO
or no” su 20’ Vs
0 8 0 8 s on
2 \’I +200s \FI \?/

no” \gn 20" Vs—za~s” “on

+H0

The latter, i.e., dialkyl or diarilditiofosfaty diarylditheophcsphate
cf zink or barium, have obtained application as inhibitors of corrosion and
oxidalion, waslhing and antiwear additives to motoral oils; the additives [DF-1]
(E®-1), DF-11 VNIINP-354, [V-501] (B-501), LZ-317, and others are of this type..
Now it 1s known that zink diatkyldithiophosphates are also very effective
antiwear additives to olls for automobile hypoid transmissions. These compounds
arc added to the basic antiburr component of the additive [29]. Lowering
surface wear at. moderate and high loads, zinc dithiophosphates also increase
load of jamming of surfaces and are activators of the antiburr components.
The mos' favorable zink dialkyldithiophosphate with 4 to & carbon atoms in
ihe alkyl radicals, namely dialkyldithiophosphate, is obtained from mixture
of =, -C, nlcohols [so].
h, By the reaction of alkaline salts (RO)2 PSSK with halogen derivatives

RCl, (RO),P'SCH, PC15, or PCl, dialkyldithiopnosphates such as (RO)QPSSR,

3

(RO),PR-0-PS(RC),, [(RO),PSS]sP, [(RC),PSS]ST and others are obtained [25].
T. I'. Afanas'yev and others [42] used the reaction of alkaline salts of

araliyld;i - hiophosphoric acids with dichlorethane or with benzyl chlcride

to ob‘ain effective ant.iwear additives, constituting esters of

dialkyldit! iophospheric acids, PFor instance,

~30-




RO 8
: Y + CICH,—CH,Cl =
2o’ ara
RO & s On
- N +3NaCl
no” \ncn,-cu.s/ Non

or

RO 8 RO IP
MY omcmae )v\ +Ma
lo/ \“l RO SCH,C M,

Thus antiwear additive LZ-306 was o%tained, a benzyl ester of
dibutyldithiofphosphoric acid.

The reaction of P,Se with unsaturated hydrocarbons [41]
-

Patent literature mentions obtaining additives which lower wear by means
of the reaction of ngs with such unsaturated compounds as turpentine,
polymers of cyclodiene, copolymers of 1sobutylene and styrene, diapentene,
olefins of cracking, olefins with long chains, different polymers of olefins,
acetylene hydrocarbons, [25].

The unsaturated products react with phosphorus sulfide exothermically
forming acid organic compounds containing sulfur and phosphorus [43].

According to Fey [43] the reaction of cyclohexene with P285 flows in

the following manner:

s S GH, SH HS CH,
z0+ Soosp? o \r( A

The phosphorus atom joins not at the double bond, but replaces hydrogen

ai the carbon atom neighboring it. A crystal product, A?-cyclohexene of

dithiophosphoric acid, is obtained.

huring the reaction of P?S5 with terpenes very little hydrogen sulfide

31




e i)

is given off and, as showed research, two or three double bonds react from

1 molar phosphorus sulfide. Although the chemical composition of tihe reaction
products has not been investigated, from their physical state [viscous or
amorphous solid matters) it is possible to astume that they contain polymers
with repeating C-S~P and C-P-S bonds, poorly soluble in mineral oils.
According to A. M. Ravikoviclh and I. V. Ladyzhenskaya [44] the reaction passes
better in the presence of aluminum chloride, which allows lowering the
formation of high-polymer insoluble substances. In this case sulfuric acld
can alsc be applied as a catalyst.

However, the soclubility of these products in oil is nevertheless
insufficient.

In the United States as antiwear additives salts obtained by neutralizing
the reaction products of terpenes with phosphorus pentasulfide by metallic
bases are patented [45],

The reaction of 9235 with oxygen-containing products [46]

Among oxygen-containing products the most commonly used are high-molecular
esters {(natural or synthetic), ketones and aldehydes, oxidized paraffins,
etc,

The reaction of high-molecular esters of fatty acids, e.g., lard, sperm
oil. cetyl palmitate, wool fat, etc., with phosphorus pentasulfide leads
to the formatlon of surface-active phosphorus and sulfur-containing substances
of more or less acid character depending upon the conditions of the reaction
and the initial products. As the reaction temperature increases acidity, and
also phosphiorus and sulfur content in the final products are lowered due to
hydrogen sulfide being given off and loss of phosphorus oxide in deposit [47].

Such products simultaneously possess antiwear and antifriction properties
and are valuable additives to oils for worm transmissions.

There is a Joviet additive of this type, [EZ-2] (93-2), constituting
dehydrofenated castor o0il, treated with PQSS‘ It is added in quantity of 5% in oil,
(GOST 3423-54), applied for worm transmissions of rear axles of trolley busses.

Phosphorus and sulfur-containing compounds may also be obtained by means

of the rraction of PCJB, POCl1l, and PSCl3 with alco 1s and mercaptans,

3
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During the reaction of phosphorus trichloride -.nd oxychloride with
alcohols the corresponding phosphites and phosphates are obtained, which,
as noted above, in certain cases are satisfactory antiwear and anticorrosion
additions to oils.

By the interaction of phosphorus thiochloride with alcohols, phenols
and mercaptans esters of thiophosphoric acid are obtained, and the reaction
of phosphiorus trichloride with mercaptans produces thiophosphites.

The research of P, T. Sanin, Ye., S. Shepleva and others [28] showed that
in lowering wear during friction in conditions of moderate loads in presence
of oils with additives of thiophosphoric and thiophosphorous acid esters
the decisive roie belongs not to sulfur, but to vhosphorus. Also, the presence
of sulfur in the molecule gives an antiburr effect, causing lowering of wear
and friction in the process of jamming. The most effective additives are
the lower trialkyltrithiophosphites, containing from 3 to % carbon atoms in
their molecule. However such low-molecular compounds are poorly soluble

in petroleum cils.

Cc. Antiburr Additives

Antirurr additions intended to guarantee the work of friction surfaces
without jamming or to soften the process of Jamming, as a rule, do not lower
wear at moderate loads as compafed to wear of metal on pure oil, Conversely,
due to the corrosional-chemical nature of their action on metal wear cf friction
surfaces at moderate loads can even be increased.

In connection with this to guarantee the antiwear properties of oi.s
at moderate loads antiburr additives were recently applied in combinatisn

with Lhe antiwear component,
1. Sulfur-Containing Antiburr Additives

Amcng the sulfur-containing antiburr additives are sulphurized mineral
oils, contalning partially free or colloidal sulfur, sulphurized fais
(e.£., sulphurized sperm oil), sulphurized olefin hydrocarhons (e.g.,

sulphurized cracking-distillates, containing hydrocarbons with ethylene bonds);

33w
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sulphurized terpenes, xanthates, xanthogenates and thiocarbonates, alkyl and
aryldisulfide and polysulfide.

Some of these compounds possessing moderate antiburr properties are
simultaneously being inhibitors of corrosion and antiwear additives, are described
above.

The simplest sulfur-containing antiburr additives of known structure
are disulfides and polysulfides.

In combination with the chlorine component in foreign lands dibenzyldisulfide
is widely used. With the chlorine component lacking in the concentration
ensuring sufficient antiburr properties, this additive is poorly soluble in
oils (4-5%).

Antiburr additives, constituting alkylated cyclical compounds with lateral

chains containing sulfur in the form of mercaptan, sulfide, polysulfide,
thiocyanate, thiodetone, ihioaldehyde, thiocarboxyl and thio-ether groups
are also patented [48].

Polysulfides which are active antiburr additions can be synthesized

from halide alkyls and polysuifides of alkaline metals [49]:
IMCL 4 No 8, <+ RSR 4 2MaC2

Alkylxanthogenates of alkaline metals are widely applied as flotation
agents at ore concentration of nonferrous metals due to their high affinity
to metals. thanks to which they also possess high antiburr properties.
However, they cannot be applied as antiburr additives, since they are not

dissolved In oils and are aggressive with respect to metal.

The compounds obtained from alkylxanthegenates of metals with the general

e 1o formula

; :
ROG—8—(CHy)a —8—COR

L5

(where n 2 0) easily soluble in olls and not provokirg corrosion of metal,
. allowed creating effective antiburr additives to oils [24, 50].
g The interaction of po‘assium (or sodium) alkylxanthogenate with sulfur

5 1. monochloride

v
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produces compounds [24, 42] with high antiburr properties, soluble in oil A
¥ (Y -
and applied during the Second World War in Germany under the name Mezulfol-I: *“ga*

c,n..ot:-s-s-s-s—coc.u..

NP L kP /
s —~—e A
P i'.'

ro-

However, this additive turned out to be too aggressive; therefore, it

was replaced by Mezulfol-II:

c.n..ot;-s-cu.-cn.-s-coc.n,.
s .

A French patent [50] suggests using an analogous type compound with a

.
e

free carboxyl group as an additive., This product is simultaneously an antiburr

and anticorrosion additive to oils and in contrast to many sulfur-containing

additives does not increase the inclina‘ion of oil tc form an emulsion with
water., This substance is obtained by interaction of sodium xanthogenate

sodium monochloracetate and hydrogen chloride by tne following diagram:

BO(: —8Na + CICH,COONa = BO%—S —CH,CO0Na 4 NaCl,

8 8
RO(iZ-S-CH,-COONl 4+ HCl> lO(i-S-CH.COOH + NaCl,
S 8

where R is the Cu .02O alkyl.

In recent years the Khyul'z factories patented a new product of this

type, — diethyldiglvcolxanthate [2}],

Qﬂﬁﬂﬂﬂgﬁﬁ~ﬁ—S—S—C—OQH&QEp&&

H :
The Soviet additives LZ-6/9 (ethylene dibutylxanthate), LZ-24 (ethylene

dietbylxanthate), 1LZ-23 (ethylene diisopropylxanthate) and LZ-19 (ethylene

diisoamylxanthate) car be liquid or crystal, The latter are individual compounds,

are no! having so sharp an cdor as the liquid products,
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Below are descr’had the ~onsecutive stages of the cynthesis of ethyiene

dialkylxartrates [42]:

obtaining potassium (or scdium) alliylxanthogenate by the resction of

alcohol, carbon bisulfidz and caustic alkali

BUE 4 €8, 4 KOH -» ROC—8K + H,0;

interaction of potassium alkylxanthogenate with dichleorenthane to obtain

ethylenc diaikylxanthate

2MOC~3K 4 Cl—CHy—~CHy—Cl—

+B0C~8—=CH,—~CH,~8—COR 4 2KCI

Disulfides and xanthogenic compounds rnot only give o0il hign antiburr
propertics but also act as inhibitors of oxidation. 1In this respect

tetramsthylthinvam disulfide (Thiuram E£)

CH, CH,
“c.-s—s-cn” .
ca” § § Nen,

which, however, has limited sclubility in mineral o®l.

Pifures 11 and 12 give graphs of the dependence of bal® wear spots on
Jozd when testing oi'ls with sulfur-rontaining additives on a four-btall machine
per GOCT 9490-60G, The curves are constructed on a logarithmic grid.

Antiwear acditives (Fig. 11): Diphenoldisulfide (2); MDS, described on
page "4 (3), sulphurized octol, constitu!ing sulphurized copolyners of
amylenes and butyiene (4}, ard, finally, xanthols, amylxanthei 1Z2-20 (6) and
butyrantitosl LZ-23 (5), increace tt e load of Jamming 1littl. as compared to tne
pure base oll, [Ts~14.5] (TC-14.5) (1). At the approach of jamming of surfaces
a grecat jump of hall wear spots is observed, which indicztes tne lneffectiveness
of these aaditives as antibuir additives.

In rig 12 the resul!s of tests on TS-14.5 oil with additives of
xanthogenates, disulfidz- and sulphvrized terpernes are compare: with antiburr

propertics of o1 for hypoid automobile transmissions (GOST 400.-53), nonstituting

+
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Fig. 24. Results of tests on
TS~14,5 cil with sulfur-con-
taining antiwear additives
(10% in oil).

l Artiburr
Froperties
Curve Acditive P P

OF1 K, c,

kg kg
1 Without additive;...... .o 36 Bg 126
2 Dephenoldisulfide;*...... z 79 200
3 DS erneercnnencenes 48 89 282
4 Sulpaurized Octol;..,..-. 48 89 282
5 a2l i ieievseenvannannas €2 126 316
6 A TN 64 126 355

*lontent in oil, 5¢

sulphurired extractc otrtained during nitrobenzene purification of oils, containing

1.%% sulfur. This oi2 causes %igh load of transition to jsaming (first break
of curve), but lcw lead of welding ~f balls {end of curve).

[BEK] (E2K), bisethylxanthogenate (CQHSOCS -8 -8~ CSOCEHS), effectively
increases the antiburr properties of oil, but evokes ¢ -rrosion and heightened

wear at loads lower ihan the load of jamring (6).

For ethylene alkylxanthates {additives LZ-6/9, iZ-19 and LZ-£3) hagh
lvad of transition to jamming (7, 8 and 9) and also absence of aggressiveness
with respect to metal are, as a rvle characteristic.

"alphurized terpenes yleld in an’.iburr properties to.all the remajning
additives; the test results are shown in Fig. 12. HowWever, sulfurized terperes
also posscess anticorrogion properiies and the ability to inhibit oxidation

of oils.
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Fig, 12. Restlts of tests on Ts-14.5 oil
witl. culfur-contegining antiburr additives
{(>% in oil).

Antibur>

Froperties
Curve Additive

Py, ®e,
kg kg

Without additive;........ 36 39 126

orI

Hypoig oil {sulphurized); 85 112 399
Sulphurized terpenes;.... 51 100 224

Dibenzyildisulfide;...... 17 89 634
ThAUTAM Efverrrrrnannnnnn 80 400 316
BER) eeevncisonnoncocnnnns 83 112 774
ARy (s T 81 126 501
2L T 76 195 47
LZ23 s eierernennnonanasd T2.5 106 | w7

O = W 0N s

As a result of the reaction of sulfur with olefins at temperatures

' o ;
] from 140 t¢ 300°C heterocjclic compounds can be obtained containing 3 sulfur
1
o atoms in the molecule:
. H ‘ -
o 1
b §
i ’1.
3 ]
g ¢
: ' . i .
! wihere R 2and R can be bydruson, alkyic or aryis,
: linder Lhe genarzl name of "trithions™ such products have a series of
i
F‘ useful propertigs includine the abllity to incereazse s *’burr snd ancicoervosion
: propertic: of winarar oljn ané thelr resistance £o oxidation [51].
From Lhtr nemeration of cyele the feneric name  f i, ~ompound i
F
t
i
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1.2-dithio-l4-cyclopentene-3-thion and, in particuler, if R and R are methyl

radicals

; the name is 4 ,5-dimethyl-1.2-dithio-4§-cyclopentene-3-thion,
The reaction of trithionization conslsts of connecting three atoms of J
sulfur with HSS given off. Olefins containing allyl and propenyl groups more !

or less easlly enter into this reaction

Ry
N,—~CHsmCCHj or n,-.cu.-l:-cn.,

where R1 and R2 can be the most diverse substitutes. Olefins with two substitutes

208 4
POV N LY

at one carton atom with a double bond ( W)

= CH — CH3) do not give trithions.
R

Among trithions the most expressed antiburr properties evidently belong

to h.f-ﬂimethyl-}-thion, isobutylene trithions, and, finaliy, trithion

iy

a-pinene, having the fornuls

g.l

/

Under the direct influence of sulfur on olefins the yield of trithions

iz very small (rem 2 to 10%), especially in the case of aliphatic olefins.

LR T e G g Wl T e T

] A hirher Zield iz obiained during simulilaneovs influence of S and PQS5 on
3 alofinsg, anplyine CS, 23 a zoivent and conducting reaction under pressure
§0
~39a ?
-  ———— —— Am——— 2 . ———————— U ——_ o~ - N
§ -
F q
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[52, 53, 54].

(2]

2. Chlorine-Containing Antiburr Additives

Organic compounds of chlorire are active antiburr additives to oils:

They increase payload capacity of fricticn palrs and soften the process of
Jamming. However, at moderate loads chlorine-containing compounds do not
improve the conditions of friction and they increase surface wear faster,

In antiburr properties chlorine derivitives, as a rule, yield to svlfur-
containing additives, which are significantly more effective in preventing
damage to surfaces during jamming.

The lower chlorinated hydrocarbons, such as carton tetrachloride,
trichloroethylene, hexachlorethane, tetrachlorethane and chiorinated butadierne,
are very active antiburr additives; however, their grest volatiiity, sharp
narcotic odor and toxicity prevent wide use of these compounds *or this goal.
Nevertheless, in separate cases carbon tetrachloride, hexachlorethane
{entering, e.g., ac component in Soviet antiburr additive ZE-5) and
hexachlorbutadiene (iripene) giving fire resistance to hLydroliquids, are used
as antiburr additives [551.

Chlorinated paraffin, containing from 30 to 50% c!iorine, is widely
usaed in foreign lands as an antiburr additive, in spite of 1its serious irherent
deficliencies. It is known that these compounds can separate free HCl during
heating and when water gets in them.

Chlorinated paraffins are produced in foreign lands under various names:
alpha-chlorine-33 (afditive of "Carlisle" with chlorine content of 33%),
chlorafin-40 {chlorinated paraffins with chlorine content of 40%), anglamoi-49
(by the firm, "Lubrizol")}, tsereklor-4#2 (firm "IZI"), arglamci-50 (paraffins
witl. content 507 chlorine and more), cerechiosr-P50, P-60 and P-70. These
proi.cis a.e also applied as agditives to lubricating-iiquld cociants during -
treatmers of metals by cuthing.

We alsd produce chlorinated paraffin with chlorine content of sbout 407,
constitut«ns a product from sellow 'o brown, with high vicecogity and no odar
during ood r~ wal of free chliorine. As an antiburrv additive chlorinated

paral’Tiv with ct.orine conten'. of M3Y was cffered for oils for lubricatir.,

30
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frears of maln transmissions of automobiles under name of addi*ive NAMI-T-1%..

To prevent the posslble corrosion under the action of 71 chlorlinateu
paraffins are applied in combination w''h anticorrcsive additives of *he type
of amines, phenolates, sulfonates and others. Thus, ang.. 01-40 conteing an
anticorrosive comporent — hydruxypropylphenal {56}, and addition VNIINP-402,
besides the basic component — commercial chlorinated paraffin containe an
inhibitor of corrosion — barium salt of the condensation product of alkylphenal
with formaldehyde (additive VNIINP-371).

As a rule, the inhibitors of corrosion in this case scmewhat liower the
antiburr properties of the chlorine additives. In this recpect sulfonates
act especially negatively.

Inhibitors of the type VNIINP-371 and zinc dithiophosphates in this
respect are an exception and do not lower the antiburr properties of chlorine-
containing additives.

As an antiburr additive to mineral and ester oils polyvinyl chloride of
low degree of polymerization is offered (molecular weight from 300 to 500),
e.&. polyvinyl chloride with molecular weight of 310, containing 56.5% C1 [57].

Among, ester oils an effective antiburr additis is ester a, a', B,B'—
tetrachloradipine or tetrachlorosebacic acids, and also pentachlorobutyric

acid or its esters CCl,CHCICHCCOOR (R is equal to H, CHy or CQHS) [531].

The effectiveness of chlorinated aliphatic hydrocarbone as antiburr
additives 1s nigher than chlorinated aromatic compounds {59}, such as
pelychlorodiphenyl (e.¢., chlorinated biphenyl, a mixture of tetra and
pentachlorcodiphenyl), chlorinated benzene, chlorineted napthalene, chlorinated
phenol and others. Completely chlorine-substituted, five-member, unsaturated
acyclic compounds, such as hexachlorocyclopentadiene or octchiorocyclopentene,

significantly surpass in antiburr properties chlorinated aliphatic compounds,

chloroparaifin and hexachlorethane, but alkylated aromatic compounds, containing

chiorine not only in the ring but also in the chain, are equivalent
chlorinated aliphatic hydrocarbons at identical chiorine conteant in
This iIs illustrated in Fig. 13 which gives the antiburr property of
0il with different chlorine-contalning additives according tc tests

ball machine (per GOST 0490-60).

-1,

to
the molecule,
TS~14.5

on a feur-

~ enmm—




Al

Py
£
<
4
g
g
-
e

248
-
f

aalads

v

: g i

Somster of wear spet g,
8 & Geasess oo

o

)¢
axial los: %, ke

Fig. 13,

oot 0. )
7 2 W

Antiburr properties of

TS-14.5 oll with Chlorine-containing

additives (5% in oil),

Antiburr
. Properties
Curve Additive o
opr | Fx, Pe,
kg kg
1 VD=23 i tenrrenennennnn .. 61 79 398
2 Getacinlorocyclopentene; ., 85 100 708
3 Hexachlorethane;.,.,..... 60 100 355
4 Cnlorinated biphenyl:... ba 39 224
5 thioroparaffin:......... 58 100 316

B

A5 a result of condensatlon of hexachlorocyclopentadiere and meleic
anhydride with subsequent esterification by alcohol the ester of chlorendic

: acid ir oblained,

3 CCl ccl

‘- cxcj ‘ CH—CO c1c/ \cn-co

: |cm.+! S0 Ll Do-=eE-

3 . Cic H—-CO Cl H-CO

% X N\

E /an\

: cic CH—COOR

3 . - ul l + H,0. K
E % \\ ; H~COOR

» ot

F: wher. R is an alkyt with from % 4o 8 carbon atems [60]. oo

Some vary effective antiburr agente are sromatic nydrocarbons, containing.
becides cof jorire, also axygen or nitro zgroup, in their cyele, for instance

chioro i rophenol and chloronftrobenzene, chlorinated aminec and salts of .
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amines [61].

As antiburr additives are offered also chlorinated oll products. not
being individual compounds, but constituting a mixture of different chlorine
derivatives, e.g., chlorinated mineral oils, chlorinated extracts from selective
purification of oils, chlorinated napthalene and coke squeezing (e.g., additive
[AZNII-9) (as3uuu-9) contalning 35-45% chlorine). chlorinated kerosene and kerosene
fractions [62],

However, the application of these cheap and very accessible products is
hampered due to their corrosional gggressiveness, due to which the
selection of specially effective anticcrrosive additives is regquired.
Futhermore, the uncertainty of chemical composition of initial raw material
leads to inconstancy in the properties of different batches of the product.

It has been established that not only chlorine, which is the most wide-
spread component of antiburr additives, but aiso all the remeining halides,
being introduced into lubricating oils, give them the ability to improve the
conditions of friction and prevent jamming of surfaces [63].

The research on compounds of chlorine, bromine and iodine as additives
to lubricating oils, conducted Davey [63], showed that the pest antiburr
properties belong to compounds of bromine. However, practical application
of bromide compounds egs additives to lubricating oils is limited by their
hirh cost and toxicity.

Todine coumpounds are the weakest antiburr agents and are not of practical

value,

D. Multifunctional Antiburr and Antiwear
Additivae Contalning several Actilve klements

The most effective, and therefore and the most wide-spread antiburr

additives fo ¢ils for heavily loaded pear transmissions are substances containing

several active ciements. Are the most effective in antiburr properties and

1t the same time the most ageressive are compounds simultaneously containing
sulfur and chlorine, and lease effective in antiburr properties are additives

containing sulfur and phosphorus. The latter, as was shown atove basically

pnssess antiwear and anticorrosicn properties.
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To improve the other operational properties of oils, as a rule besides
antiburr additives inhibitors of corrosion, rusting, oxidation and so forih
are added.

The first sulfochlorine-containing antiburr additives, appearing during
Second World War, were combinations of dibenzylsulfide (30%) and chlorinated
paraffin (70%). Such was the composition of Santopoid, added in quantity of
10% to oils for hypoid automobile transmissions. Subsequently during synthesis
of additives other products were used; clilorinated naphtha in combination
with thiocarbonate or alkylthiocyanate.

In the commercial assortment of Soviet additives there is a two-component,
sulfur-chlorine additive EZ-5, consisting of sulphurized terpene (3.5%) and

hexachlorenthane (1.5%) and possessing comparatively high antiburr properties.

YT R [FrTVTY Ev v
r 4 + 4
6 L i
a 7 1
3 T 3
g. 4 2 1
asf— - 1
. & Ul
“h
v 1s _a
» o E”ﬂ 129 308 I b K 7
» .

Axtal Yoed £ X3
Fig. 14, Antiburr properties of
TC~14.5 0il with additives consis-
ting of compositions of sulfur-
containing and chlorine-containing
compounds. Test on four-ball ma-

chine,
Additive Pﬁgtibzir
er
Curve P °s
" o P P
25 Designation oiin oP1 ké’ kg’
: 1 Chloroparaffin +
Dibenzyldisulfide 7
i (type Santopoid A) 3 9% 100 794
F ? Sulfurized Terpenes
+ Hexachlorenthane 2.5
(Additive BZ-5) 1.5 75 100 398 -

Figure 14 rives the antiburr properties of two sulfochtorine~containing

. additives 2ccording "o the results of tests on a four-ball machine. Addition

e~ rontiaTng LW

and 277 Cl, and the additive basad cn Santopoid A contains
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.46 3 and 28% cl, The more stable bond of sulfur and the smaller chlorine
cantent {n addition FEZ-5 are the cause of its somewhat decreased activity
ap compared to the addition of type of Santopoid.

Atwng Lhe sulfochlorine additives released for heavy-loaded gear
traneminsions are a number of the additives represented in Table 2.

fulfochlorine-containing antiburr additives can be obtained: 1) syntheeis
of compounds containing sulfur and chlorine in one molecule; and 2) introduction
of' spearate sulfur~ and chlorine-containing components of the additive to oil,

The following routes of synthesis of sulfochlorine-conteining compounds
are possible:

1) Reaction of sulfur-chloride and monochloride with compounds, having
double ethyiene bonds;

2; Reaction of halogenated nydrocarbons with organic sulfide or with
sulfide of alkali metals and zanthogenates;

3) Chlorimation of sulfur-containing organic compounds;

4) Ssulfurisation of chlorine-containing organic compounds

Products obtained by reaction of sulfur
chlorine with compounds having double bonds

This way of obtaining sulfochlorine-containing additives is the simplest;
for synthesis it is possible to use various products.

1
Ethylene reacts with sulfur monochloride with the formation of B8 -~

dichlorethylsulfide (yperite);

2CHy=CH, + 8,Cly ~+ (CICH,~CH,), 8 + 8

In this reaction along with sulfides are formed polysulfides (010“205)25n?
lowering tne reaction temperature promotes an increase in the quantity of
polysulfides.

Patent, literature mentlons additives obtaines by reaction of sulfur
chloride with olefins, polymers of olefins, unsaturated fatty acids and their
esters [0b].

Among the ndditives released by foreign firms by the above desciibed

method, are Anclor, prepared by "Anchor Chemical" and constituting fatty oils

+ 3 i
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treated with sulfur chloride and recommended for application in oils for heavily
loaded gear transmissions and treatment »f metals, and also addition of firms
"Pet 011" ("Saxon basis"), "Carlisle" (sulchlor-55 and sulhlor-66) and "Chemical
Works" (obtained by treating lard and sperm oil with gulfur chloride).

The Soviet additive OT-1, is obtained by treating a grade two turpentine
with suliur monochloride and contains 18-22% sulfur and 3-44 chlorine.

By trearing terpenes with sulfur chloride and monochloride a sulphochlorinated
basis of certain multicomponent additives of Santopoid is ottained by the firm
"Monsanto".

In patent literature [65] are meet methods of synthesizing sulfur-containing
aromatic compounds by reaction of sulfur monochlioride with cyclical hydrocarbons,
and also additives obtained by treating polyisobutylene, alkyleneoxides and
glyec’s with sulfur chloride.

Products obtained by reaction of chlorine-containing compounds
with sulfides of 2lkaline metals, xanthogenates and organic sulfides

By treating chlorine-~contairing aliphatic compounds with sulfides of
alkaline metals, as was shown previousiy, sulfur-containing derivatives of
aliphatic hydrocarbons car. be obtained by means of substituting sulfur for
chlorine. However, if we do not bring the reaction of substituting sulfur for
chlorine to its conclusion, then sulfochlorine-containing products are cbtained
[651.

R. C. Petrova and R. Kh. Treydlina [67] described the reaction of formation

di-(5,5,Sutrichloropentyl) disulfide by heating 1,1,1,5-tetrachloropentane
with Na?s and elementary sulfur:

AUC—(CHY Cl + NS 4 324 [CLC (CH )L, 8y + 2N

The yield »f ready product is 90%,

Similarly by the reaction of tetrachloropentane with sodium sulfide
R. t. letrova synthesized di-(trichloropentyl) sulride, which Ly Ye, S.
Shepeleva ac the antiburr additive "sulphol"™ to lutricated oil [68]. The initial
product for synthesis cf sulphol, tetrachloropentane, is a byproduct of the

produc-ion of synthetic fiber enanth, whose process of production was deveioned

48~
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by R. Kh. Freydlina and Sh. A. Karapetyan [68]. Tetrachloralkane is obtained
by telomerization of ethylene and carbon tetrachloride. In the production of
enanth fiber tetrachicralkanes are used which contain 7, 9 and 11 carbon
atoms, and tetrachloropentane is a byproduct used for obtaining snlfo.,

di-(trichloropentyl) sulfide:
20CI, (CHY, Ol + NagS &+ [CCly (CHY) L 8 + 2530

or thiodivaleric acid [HOOC(CHQ)hizs by sutcequent hydrolisis of sulphol.
The yield of sulphol is TO%.

The additive contains 55.8% chlorine and 8% sulfur and is introduced in
01l in quantity of 4%4. However, witnout an anticorros*.n component the additive

is corrosionally aggressive (Fig. 15) and gives heightened wear of surfaces

(Fig. 16). These negative phenomena are eliminated upon adding a second
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Fig. 15. Corrosion of steel

at 200°C under the action of
oils with sulfochicrine-con-
taining additives. Estatilshed
by the method of radiocactive

. isotopes (Yu. S. Zaslavskiy,

G. 0. Shor and R. N. Shneyerova)
1} mineral cii TS-1%.5; 2) TS~
14,5 with 4% sulphol; 3) TS-1%.5
with 4% sulphol and 3% DF-11.

component, — zink dialkyldithiophosphate (DF-11), which simultaneously lowerc
surface wear, increases antiburr properties (Fig. i7), acts as an inhibitor of
corrosion and improves the thermal stability of oil.

The interaction of alkyl- and arylchlorine derivities with xanthogenates
of alkali metals or with thiocarbonic acids produces a large quantity cf

contemporary additives, For instance, to obtain a sulfochlorine-containing

~49-
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Additive Properties
Curve
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»§ g Kame oil ke ke
!
= 1 111032V ceeene - . 79 158
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antiburr additive "Monsanto" [65] uses tre veaction the product of chlorinated *
ligroin, containing S4% chlorine, with potassium isopropylxanthogenate. 1In ’
an analogous way these additives produced: chlorohenzylalkylxanthete,
chloronaphthaxanthate 2nd polychloroligroin zanthate, chloroll'ylxanthsate
(e.8., CSHiioﬁ -8 "C12"21°Iu) containing from 10 to 15% sulfur and from

S

B
wtiy

3C to 35% chlorine, and alsc products of reaction of scdium xanthogenate

with chlorine-derlvatives of ethylene hydrocarbons [69], for instance

s
1,085 = Na 4 CH,/CICH = OCICH = CHCHy =
24 CH,0C =8 —CHCH = CCICH = CHCH, 4 NsCl

To obtain sulfochlorine-containing compounds I. D. Afanasev and T. A. i
Rogachevskaya used the reaction of sodium salt of mercaptobenzothiazola with
1.2-dichlorotutene-2 (additive LZ-311); the obtained product contains 24%

sulfur and 12% chlerine,

WA TN

Products obtained by chlorination of sulfur organic compounds

Sulfochlorine-containing additives can be obtained by chlorination of
organic compounds of sulfur. Thus, e.g., are these additives obtained:
perchloromethylmercaptan, tetrachlorodiphenylsulfide, dichiorophenyl-
methylpolysulfide, dichloronaphthylmet! -lpolysulfide and others [70].

The producls, according to patent data possessing good antiburr properties
[70], can be synthesized by heating styrene with sulfur for 6 hours at
225-230°C with a reflex condenser, as a result of which a mixture <f 2.5-
and 2.4%-diphenylthicphene is produced. By recrystallizing the mixture from
butanol a purer crystal product consisting mainly of 2.5-diphenylthiophene
1s obtained. After passing gasious chlorine through this compound a final
product containing 3%¢ chlorine is obtained.

2.2, 3.4, 5.95-hexachloro-3-thiophene is synthesized by chlorination of
thiophene with gaseour chlorine, This product possesses good antiburr ability
and is stabie to 22500. Higher than this temperature this product decomposes

[7o3.
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In an analogous way chlorinated alkylsuifides and polysiltidec, anu also

chlorodibenzyldisultTides are obtained [70].

Products obtained by sulfurization of haloid-containing compounda

This method of obtaining sulfochlorine-contaiping additives is not widely
applied. The patent literature mentions products obtuined by sulfurization of
perchloromethylmercaptan, and also sulphurized chlqronaphthralene and
sulphurized chlorinated naphtha with an anticorrosion additive [71].

AL present as antiburr additives not only compounds, in which chlorine
and sulfur simultaneously enter, but also a mixture of substances containing
these elemeals separately arz used.

The activity of such two-component mixtures to a significant degree
depends on the ratio of chlorine-containing and sulfur-containing componentis
in oil at their constant total percent of the concentration [72j.

Figure 18 gives the dependence of the index of antiburr properties of
[PI] (OIL7), calculated per GOST-940-£0, on the concentration of sulrur and chlorine
additives in TS-14,5 o01l. In the left part of the diagram the antiburr preperties
are increased as the concentration of chlorine compcuent in 0il increacses
{from O to 10%), and in the right part they Increase with increase (frou right
to left) of concentration of sulfur-containing additive (also from O to 10%).

In the middle part of the diagram the total concentraticn of additive remains
constant (i0% in oil). The content ot sulfur and chlorine componentis chanras
so that with decrease of one the cuantity of other component increases
correspondingly.

¥rom the dizgram it follows that upon introduction of sulfur and chlorine
components into the oil adding a small quantity of sulfur additive to the
chlorine component sharply increases tne antiburr properties of oil (middie part
of the diagram of Fic-, 18), The maximum effect it a*tiaired approximately at
a ratio of 70X chlorine component and 30% sulfur and, evidently, almost does
not depoend on concentration of sulfur in the sulfur component of tre additive

(see curves 7 and 8 in Fig. 18),
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Fig. 18. The effect of concentraticn
of sulfur and chlorine components on
antiburr properties of TS-14.%5 oii,.

I) Chlorine-containing additive; 11)
Sulfochlorine-containing additive;

I17) Sulfur-containing additive, 1)
chiorinated biphenyl (40% chlorine);

2) chlorinated paraffin (40% chlorine);
3) hexachlorethane (90% chlorine
4) dibenzyldisulfide (26% sulfur);

5) LZ-6/9 (39% sulfur); 6) sulphurized
terpenes (25% sulfur); 7) dibenzyl-
disulfide 4 chlorinated paraffin:

8) 1LZ2-6/9 + chlorinated paraffin;

9) Lz-6/9 chlorinated biphenyl;

10) LZ-6/9 + hexachlorethane; 1i) hexa-
chlorethane 4 sulphurized terpenes;

12) chlorinated paraffin + sulfurized
terpenes.

-
$4

Figure 19 gives the curves of dependence of wear on load when testing
TS~15.4 0il with two-component additives on a four-ball machine (GOST 9490-60).
From the figure it can be concluded, that the antiburr properties of oil with
identical concentration of sulfur and chlorine components strongly depends on
the activity of the chlorine component of the additive, which is determined
to a large degree by the structure of the compound and to a lesser degree by

the quantity of chlorine in the molecule.

Vog found that certain compounds of antimony and bismuth are activators

of antiburr properties of sulfur and chlorine additives [73). Among such

compounds are aniylates and ethylates of antimony and bismuth, triphenylbismuthine

ard antimony oleate [23].

Extraordinarily active as antiburr add‘tives are chlorophosphorus-containing

compounds.,

At present there are both Soviet and foreign chlorophosphorous-containing

antiburr additives, e.g., the Soviet additive chloreth-40 (2% in oil), additives

of the firm "Bayer-leverkuzen," chlorophenylphosphate and Bayer-LE {from
0.1 to 1.5% in oil).
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Fig. 19. Antiburr properties of TS-14.5
01l with two~component sdditives.

Antiburr ‘ .
Additive Properties d ‘
Curve
% in f
Name oil CPI PK’ kg Pc, kg '
1 Chloroparaffin + T 9% 100 794
Dibenzyldisulfide 3 !
2 Chloroparaffin + T a5 1296 631 ‘
2-6/9 3 :
P) Hexachlorethane +
sulfurized terpenes
(T43)eeiecennnnnanad T 109 112 T4
4 Chlorinated biphenyl 7
+ 1Z26/9iiiiinnann 3 84 100 398

P. I. Sanin and Ye. S. Shipeleva synthesized and investigated a number
of chlorophosphorus-containing compounds of the type of esters of
chloralkylphosphinic acids. It was found that especially lighly active esters !
of chloralkylphosphinic acids contain the Ccl3 group [28]. It should also bte
nocted that at identical content of chlorine in molecule the chloralkyl esters
of phosphorous aclds, containing CCl3 groups, e.g., tri-(trichlcrethylj- or i
(trichlor-tert-butyl)-phosphites, do not yield in activity to esters of ;
trichloralkylphosphinic acids, however the first of these are corrcsionally ;
aggressive.

gsters of chloralkylphosphinic acids can te cLtained bv interaction to

carbon tetrachlorlde with ecters of phosphorous acid [747:

Ofl, + (RO), P »» CCl,PO (OR)y + RCL
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A compound of & similar type ~ dibutyl ester of trichloromethylphosphinic
acid (additive chloreth-40) was obtained by Ye., S. Shipeleva also by the

reaction of acid chlorides of trichloromethylphosphinic acid and butyl alcohol
by the equation

CCIPOCl, 4 3CH,0H —» CCI,P0 (OCH,), + 2HC

The reaction occurs in the presence of triethylamine, which bonds with

the hydrogen chloride that 1s given off,

Authors recommend for industrial production of chloreth-40 to use simpler ‘

way and to conduct the process in two stages.
The first stage is obtaining iributylphosphite from butyl alcohol and ﬁ
phosphorus trichloride in a soluticn of benzene and in the presence of

triethylamine:

3C,H,0H -+ PClg -+ NC;Hys N~ (C;H,0)s P + 3 (CyHg)y N - HC

The second stage is the synthesis of dibutyl ester of trichloromethylphosphinic

acid from triobusylphosphite and carbon tetrachloride:

(CuHi40)s P 4 CCl, —+ CCIPO (0CHy)g +- CeH(CL

As the authors show, side reactions leading tc the formation of acid %
chloride of dibutylphosphoric acid can also occur; in presence of moisture .
this acid chloride can form acid esters of phosphoric acid and hydrochloric
acid, which can easily corrode metals., Furthermore, when the initiai products
of synthesis of first stage (butyl alcohol, triethylamine and benzene) contain
moisture, this also leads to the formation of a byproduct, the incomplete
ester of phesphorous acid, dibutylphesphite, having an acid character. Evidently,
this explains the sometimes observed corrosion of metal details when testing

oils with additives of esters of chloralkylphosphinic acids. Obviously, at

the high temperature developing during friction this type of additlve decomposes
and, in the presence of 'noisture, as was shown above, forms corrosionally

i aggressive compournds.

‘the production of esters of chlorophosphinic acids 1s deserited in a

i numl er of patents [75]. In forelgn lands addit!ives of chloruphosphinic acide




and thelir esters are applied mainly in ligquids for treatment of metals by

cutting; in oils for heavily lozded gear transmission more frequently are
applied the stabler salts of ar.nes and chlorophosphinic acids.
B. V. Kleymenov synthesized a substance constituting a salt hydrexybutyl
trichloromethylphosphinic acid and methyl octadecylamine, "chlorethamine":
ccut” - o, é
Son. !
\\cnﬂu

The initial products for synthesis of chlorethamine are dibulyl ester i
éf trichloromethylphosphinic acld (chloreth) and methyl octadecylamine.
Synthesis is conducted during boiling of chloreth with methyloctadecylamine
(1ho-160°c). Butylene separates and must be condensed during strong cooling,
The termination of the reaction is determined by the quantity of separating
butylene. The yleld of reacy product is 60-70%. At the same “ime the
methyloctadecylamine neutralizes the acid byproducts formed during the synthesic
of chloreth,

A8 a test of a 2% solution of this compound in TS-14.5 oil showed, it is
a fully stable product, does not evoke corrosion of metal in conditions of high
loads and friction temperatures and yields little tu chlorech-40 in antiburr
properties.

Figure 20 gives the antiburr properties of TS~14.5 o1l with 2% of additives :
of esters of chloromethytphosphinic acids and chlorethamine during tests on
a four-ball machine (GOST 9490-60). The lowest antiburr properties belongs to
0il with additive of butyl ester monochloromethylphosphinic acid (4); in this
case during jamming a great jump of ball wear spot occurs, Chlecrethamine
significantly lowers wear during jamming (5). Technical chloreth-40 (3) is
somewhat more effective in antiburr propertizs than the chemically pure producf
(2), since chloreth-40 contains an admixture cf dialkylphosphite, which is
espaclally active with respect to metal. This is confirmed by the fact that
a mixture consisting of 2% chemically pure chloreth-40 ané 0.2% dialkylphosphite
(7) eives a significant increase of antiburr properties and at the same time is

corrosiona ly aggressive,
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Fig. 20, Antiburr properties of TS-14.5

0il with additives of derivatives chloro-

phosphinic acids (2% in oil),

Antiourr
Additive
curve Properties
OPI Py Pes
kg kg
1 | without additive............ 36 79 158
2 Chloreth-40 (chemically
PUPr€) e cvcvessosesnsosasoncas 86 141 631
3 Chloreth-40 (technical),.... 88 153 562
4 Butyl ester of mono-
chloromethylphosghinic
B30 ...iteerevenennncsonons 53 126 200
5 Chlorethamine....cceeseeeoee 72 126 398
6 Amyl ester of tri-
chloracetoxyphosphinic
BCIA.eeesocsocovcocecsnrosas 86 158 yy7
7 Chloreth-40 : dialkyl~
phosphitet..cviveosesocansss| 428 224 708

10,2% dialkylphosphitee in oil,

Curve 6 shows the dependence uf wear spot of balls on axial load on the
upper ball for TS5-14.Y% oil with additive of amyl ester of trichloracetoxyphosphinic
acid. In antiburr properties thils substance is approximately equivalent to
chloreth-40; howevar, it is less stable due to the precencz 2! a carbonyl
group in 1it,

There patents [76] on the use as antiburr additives of alkyl- and
arylchlorine-sutbstituted esters of phosphoric acid, chlorous alkylphosphates
obtained by Lhe action of PCl3 on & mixture of alcohcl with thiophenol, products

obtained from the reaction of acld halides with alkaline salts of
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dialkyldithiophosphates and others.

Svlfophosphorus additives are basically anticorrosion and antiwear and,
as a rule, do not possess high antiourr properties.

Contemporary antiburr additives agplied in oils for hypoid -:ancmis -ions
of automobiles contain, as a rule, three ac.ive elements (sulfur, chlorine and
prosphorus) combined in one molecule or, more frequently, introduced into the
01l in the form of a composition of several substances. While sulfur and :
chlorine are the basic antiburr elements, phosphorus acts as an inhibitor cof
corrosion and an antiwear agent. In a number of casesz the role of phosphorus
can be fulfilled by a nitrogen compound. For instance, there are antiburr
additives obtained by the reaction of chlorinated paraffin with alkyldithiocarbonic

acid or arylthiourea [24], by the reaction of thiourea with alkylchloride
{77 etc.

Among the Soviet additives contuining three or more active elements,
it is necessary to note the products synthesized by I. D. Afanasyev and
T. A. Rogachevskaya from sodium dialkyldithiophosphate and i.3-dichlorobutne

according to the scheme [42]

RO s
\p4
no” \SN-+w&l-cuaw—cn,-.
RO
\Pls
no” \scu.—cu-ccl—cn.+m

Such an additive is LZ~309, in which R is the isoprcpyl radical. This

14+

additive is added to cil in quantity ¢ 5%, which gives it not only high antiturr,

but also :;rood antiwear properties.

Metallic salts of acld esters of dizlkyldithiophosphoric acids are

dac s sl

mult ifunctional additions to oils. They pnssess washing, antlicorrosion, aniiwvear
- and stabiliving properties, more >r less strongly expressed deperding upon the

: structure of these compounds [40].

{; 7Zink dialkyldithiophosphates not only actual somevwhat increase the antiburr
) properties of oilc, jut, when introduced into oil Jjointly with strong antiburr

L additives. act as activators of the basic antiburr components, compounds

i
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containing sulfur and chlorine in active form. Along with this zink
dialkyldithiophosphates lower the chemical aggressiveness of sulfur and
chlorine-containing compounds, i.e., they remove corrosion and decrease wear
of metallic surfaces, observed in presence of such compounds.

These valuable properties of low-molecular zink dialkyldithicphosphates
are the reason Lhut contemporary strong antiburr additives, applied in foreign
lands in oils for Lhypoid transmissions of automobiles, contain zink
dialkyldithiophosphates as one of their components [39]. Such additives are
Anglamol-91 and Anglamol-93, Santopoid 22RI and Santopoid 23RI and others, as
this can be seen from Table 2.

We should also remember the already mentioned Soviet additive, Sulphol,
applied in combination with DF-11, as a result of which the combined product
contains sulfur chlorine, phosphorus and zinc.

Among Soviet zink dialkyldithrophosphates in antiwear properties the most
effective additive 1s Dr-11, synthesized by reaction of a mixture of isctutyl
aﬁd isooctyl alcohols with pnhosphorus pentasulfide and subsequent reaction of
the complex acid ester of dialkyldithiophosphoric acid with zinc oxide [40].
Additive DF-11 contains 5.23% Zn, 4.5% P and 5.55% S. In oils for gear
transmissions it is introduced in quantity of 3% in combination with the optimum
quantity of the antiburr component.

However, good results in lowering surface wear is also given by application
of zink dithiophosphates synthesized on & base of cyclical alcohols, and also
on alcohols obtained by oxysynthesis and constituting a mixture of normal and
isoalcohols of different molecular weight, At present, besides DF-11,
VNIINP-501, VNIINP-35% and LZz-317 are tested with positive results.

Amony, foreign additives Lubrizol-1060, Lubrizol-1360 Santolube-l493 and
others can be called analoyous.

Bimetallic salts of esters of dithiophosphoric acids are recommended as
additives to olls for hydrodynamic transmissions, since they well combine washing

and stabilizing properties with antiwear [38}. Such, e.g., is Iubrizol-284 [12].
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Different organic and inorganic compounds, containing merals

In compositions of antiburr additives all the more frequently are organic
and inorganic compounds of metals beinrg applied: lead, copper, potassium,
sodium, sluminum, 1lithium, zinc, antimony, bismutn, molybdenum, tungsten,
titanium, cobalt and even iron in a cclloidal state. Organic compounds cof
metals do not have independent value as antiburr additives, since they
irsignificantly improve the antiburr properties of oils. However, being added
in ¢il tegether with sulfur and chlorine components of the additive, they tura
out to be very effective activators of the basic antibturr elements (sulfur and
chlorine): besides, some of them can lower surface wear during moderste friction
and are inhibitors of corrosion and oxidation.

Among the first antiburr additives developed for hypoid transmissions
of automobiles were mixtures of ledd soaps with sulphurized fats. Additives
of napnthenates and oleates of lead in composition with sulfur chlorine,
and sometimes with phosphorus-containing compounds are applied even now (e.g.,
Makom of the firm "Shell", the Czech o0il YeRN, CDR oil for hypoid transmissions
of automubiles and others). Such oils are especially favorable during work of
gears on conditions of high speeds, characteristic for transmissions of vassenger
automobiles, and also for ouperation in the first perind of work. Besides high
antiburrsproperties, lead soaps in combination with sulfur possess two more
positive properties, extraordinarily rarely combined and usuzily being
antagonistic: the ability to act as a deemulsifier and at the same time to lower
the corrcsional aggressiven.ss of oils. However, as witn most of the other
compounds of heavy metals, lead soaps form insufficiently stable colloidal
systems in oil,

We have already indicated the multifunciionalness of zinc salts of estc..
of dialkyldithiophosphoric acids and Lheir ability to activate the antiburr
component of the additive. An analogous ablility is possessed by naphthenates
and oleates of antimory and bismuth [78].

During the last! few years natural molybdenum disulfide has attained
propagaticn as an additive [31]. Molybdenum cdisulfide is released in tre
form of powders, pastes and susfrensions, applied to the surface or introguced

in lubricating material, The colloidal suspension of molybdenum disulf'de in
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oil is insufliciently stable and is inclined to separate during storage.

Molybdenum disulfide acts as an autiburr additive only in sufficiently
high concentration (higher than 10%); however, it also possesses antifriction
properties., Similar properties belong to tungsten disulfide.

Molybdenum disulfide is effective both at high (to 400°c) and at very

low temperatures,

At temperatures higher than 400°¢ molybdenum disulfide starts to oxidize

(it is assumed into MOOB)' Then the additive loses its lubricating properties,

since MoO3 acts as an abrasive, The efficlency of molybdenum disulfide is

kept approximately to 500°C until all the M082 is converted into MOOE.
Molybdenum disulfide can lower fretting corrosion and prevent fatigue

painting of surfaces [17]. Therefcre it is recommended to apply MoS, in nodes

with reverse-vibtrating movement with small shifts, wnere there is danger of

fretting corrosion appearing.

Of significant interest! ar- compounds of molybdenum which can form

colloidal solutions in oil [82, 83). Organic compounds of molybdenum blue,

canstituting complex oxygen compounds of molybdenum, derivities of molybdenum
phosphoric acid, organic moiybdenum-nitrogen compounds, molybdates and oxaiatz
molybdate organic amines, thiomolybdates of organic nit:r.us bases and
molybdoalkoxyxanthogenates have been suggested [84].

With the exception of molybdenum xanthogenates and thiomolybdates, the
remaining compounds of molybdenum, without the addition of a second component

composad containing chlorine and sulfur, are slightly active antiburr additives,
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IT 2. Boundary Friction and Mechanism of

Actlon of 0il Additives Improving the Conditions of Friction

At present it is considered that the terms "oiliness" and "durability
of oily film", whicl orevicusly were applied to characterize the ability of
an oily film to be retalned on the surfaces, lowering friction and wear, and
also preventing jamning, are foggy and indefinite and absolutely i> not y
reflect the essence of the phenomenon.

It is known that durability of threshold (monomolecular) layers of
lubricant is essentielly equivalent to durability of materials of the friction
surfaces, The 1limit of efficiency of the oily film is by no means its
"durability" property. The wc' ks of Blok [85], Beeck, Givens, Smith and
Williams [26], Frewing [21]. Bowden [86, 87], Khrushchev and Matveyevskiy
[15] prove that the property -determining efficiency or "paylioad capacity"”
of an oily film in conditions of tl.reshold friction is its thermoresistance.
Disturbance of an oily film occurs as a result of its desorption under influence
of high temperatures of friction on micro-contacts. A measure against this
can be the selection of those additives which, due to chemical reaction with

metal under influence of high temperatures or adsorption on surface of metal,

© ensure lowering of friction and wear or preventing jamming of surfaces. This

can occur due Lo high plasticity of surface layers, provoking chemical polish.ngs
of surfaces and promotling appearance of "quasihydrodynamic" friction [25],

due to lowered durability (or heightened fragility) of surface layers formin:
under influence of chemically active elements in the lubricant, leading to

light. destruction of grasping points, and, finally, due to the formation of

a cleaning effect as a result of molecules of the lubricant oriented on the
surface {387,

Depending upon which principle underlies the additive's mechanism of
action, improvement of conditions of friction can occur: 1) by lowering
triction nt nermal threshold conditicns (antifriction additives); 2) by
lowering rurface wear 2! moderate loads (antiwear additives); 3) preventirg -

and casing the process of jemming (antiburr additives).
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A. Antifriction Additives

Antifriction additives are those substances which are added in oii to
stabilize friction or lower it during work of surfaces at normal threshold
conditiors without jamming.

Polar-active molecules of such substances fully cover the metal surface,
placing their long axes perpendicular to it. The adsorptive layers of the
lubricant act to lower friction by two means.

On the one hand, the molecules oriented in parallel are Jjoined hy active
groups ‘o the metal surface, simultaneously being attracted one to another by
the Yorces of molecular attraction, When the molecules are quite long they

can be inclined and bent under the action of tangents of forces and to slip

one past the other, lowering the resistance tc shift.

On the other hand, dense packing of such a "rap" prevents direct contact
of surfaces or migration of atoms of metal under the effec!' of their mutual
attraction,

Such an oriented structure of adsorptie layers not only can sustain
very high loads, but it also can create a wedging pressure, shifting the
threshold conditions of friction in semiliquidness, ("quasihydrodynamic"),
characterired by easing the resistance to shift,

To explain the role of boundary films in lowering friction Bowden,

Gregory and Tebor [8Q] offer the following expression for frictional force:

TSy larg+(1—n)5),

where S, is the carrier surface; a = SM/S¢ is the part of ithis surface on
whicl destruction of lubricating fllm occured; T is the metal's resistance
to cutting; T is the resistance to shift of the oily filim.

For ood threshold films existing on the whole carrier surface and
possessing high polar activity a = 0 and 1 is sufficiently small, which ernsures
o low velue of fricltional force. However, if on part of the carrier surface
there occurred disturbance o the cily film, the magnitude of frictional force
willl bhe delermined muiniy by the resisiance to cutting Ts of the metal or

the product of reaciion of metal with additive, having lowered resistance to

centiing ac compared to the initial metal and facilitating destruction eof




grasping pointe on friction surfaces,

tor Lue characteristics of interaction of surface-active and chemically
effective oll additives at high temperatures Bowden [86] offers the diagram

shown in Fig. 21, For mineral oil, paraffin base, the coefficient of friction

is continuously increased as temperature rises in conditions of threshold

friction (I); oll with polar active additive of fatty acid gives a sharp

o -

Coeffiqient of friction
«-2ILLE

Terperature 9C

Fig. 21. Change of
coefficient of
friction depending
upon temperature
during operation
with lubricants of
different types.

I) nonpolar paraf-
fin; II) fatty acid;
III) mineral oil
with antiburi addi-
tive, reacting with
surface at a tem-
perature to; IV)oil
containing a two-
component additive
consisting of an
antiburr component
and « fatty acid.

increase of the coefficient of friction at a definite
temperature corresponding to the temperature of
disorientation of molecules (II); for a lubricant
containing a chemically effective antiturr additive,

the start of its reaction with metal appears in a sharp
drop of the coefficient of friction, which has a high
value at room temperature (III). According to Bowden's
assunption, the most successful combination is the joint
applization of a surface-active and a chemically

effective substance; with this the coefficlent of friction
will rave a low value both at room and at high temperatures
(IV). However, with respect to antiburr properties

this assumption is not justified, s?nce adding an
antifriction component to an antiburr, as a rule,

lowers the antiburr properties of the additive.

B. Anliwear Additives

Frictior is accompanizd by wear, which leads to baring the surfaces and
to the formatrion of free bonds in the crystal grid. The latier easily Jjoins
the free atoms of the nelghboring surface or actively reacts with a chemicail
medium, witich is the lubricant or the surrounding a‘mosphere.

In conditions of moderate loads and temperatures surface-active substarnces
can serves as antiwear additives. However, friction ieads to significant heating
of curfaces, and increase of temperature leads to disorientation of molecular
structure and to loss of the lubricant's adsorbability. BRecause of this

polar-active substances cannot serve as stable antiwear agents. The latter
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can be substances or compositions of compounds which in the presence of polar
activities with intreased temperatures can react with juvenile surfaces of
metal to form films preventing surface grasping. Among such substances

are certalin sulfur-containing compourds with durably combined sulfur (in most
cases they slmultaneously possess anticorrosion prcperties), and also es;ers
of phosphoric and pnosphorous acids,

For sulfur-contalning antiwear and anticorrosion additives the type of
reaction occurring in the formation of complex of metal with molecule of
organic compound not containing a replaced atom of hydrogen is characteristic
[90].

the contazt.

flowever, this direction of reaction depends on specific conditions of
In specially rigid temperature conditions the reaction can occur
with detachment of sulfur and with subseguent formation of a sulfide.

The ~haracteristic property of phosphorus~containing compounds is their
ability to lower surface wear at mcderate loads and to ensure high smoothness
of friction surfaces,

According to the hypothesis of Beeck, Givens, Smith and Williams [26],
under the <ffect of high contact temperatures of friction on surface eutectic
alloys of iron are created with the phosphorus contained in the additive.

Such a eutectic alloy has a lower temperature of fusion than steel and,
because of this, possess high placticity, causing, as it were, chemical
polishiny of surfaces,

Tt was established [28, 91] that during decomposition of phosphorus
compounds under the in{iuence of temperature on the order of 200°¢ phosphine
(PHB) will be formed, which enters info reaction with the metal. The reaction
of phosphine with iron occurs signitricantly more rapnidly than other active
materials, which to a definite degree prevents the reaction with the metal of
other elements, often causing the lowering of acitivity of the othar antiburr
components of the additive. Evidently, this partially explains the mechanism
of anticorrosion action of phosphorus compounds.

P. I. Sanin and A. V. Ultyanova [92] studied the process of thermal
decomposition of esters of phosphorous acid. The disintegration of
trioc‘adecylphosphite, !ribulylphosphite and tributyltirithiophosphite

maybe given by the following equations:
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4 (CH0)y P 4 3H, PO, + PH, + 13CH,,

4 (Gl 8)e Pie JH, P8, 4 PH, -+ 12C,H,,
0P8~ 3B 4 oSy

i
4(Couliy0)y P 4 3H,P0, + PHy + 12C,sHae i §
i
!
Trialkylphosphites decompose in the temperature range from 250 to 280°C. |
The phosphine thus obtained interacts with metals (and their oxides), forming o
phosphides. According to P. I. Sanin and A. V. Ul'yanova copper (but not iron)
acts as a catalyst in the process cf decomposition of phosphites, lowering ‘
7temperature and accelerating the process of decomposition.
This whole picture is also reproduced in conditions of friction on
metal surfaces, where in the case of tributyltrithiophosphite, besides
phosphin~ nydrogen sulfide is also a product of the reaction, leading tc the
‘formation of a sulfide of metal of stabler than the phosphides.
It was established [28] that phosphine compounds containing hydrocarbon o

radicals directly combined with phosphorus, e.g., esers of alkylphosphinic
0

acids R£(0R1)2, are significant.ly more active than compounds containing only
the alkoxygroup {e.g., esters of phosphoric and phosphorous acids (RO)BP and
(RO)BP = 0), Davey [93] found that phosphites are better antiwear additives
than phosphates, bul alkyl esters cf phosphoric and phosphorous acids are
better than their aryl esters.

As was established [94], the effect of organophosphorus compounds appears
in the region of comparatively low temperatures and moderate conditions of
friction, at which phosphorus addilives ensure a substantial lowering of
surfac? wear and a certain increase of load of jamming, combined with their
chemical nolishing effect.

Chemical polishing leads to a negative effect at Ligh lcads, when the

actual area of conract increases £o much that grasping focuses from separate

' points are distributed over the whole area of friction, causing instantaneous

Jjamming. DBecause of ttis for additives containing only organic compounds of

phosprorus a sharp process ¢f jamming, developing violently, with large

destruction ot surface in depth is characteristic. -

is not an effective measure for preventing wear and jammins under neavy

i
{
]
1
!
i Due ‘o thisz the application cf sin;;le-component phospherous additives
i
i
f ¢ondittons of friction.

1
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Il i1s expedient to apply organophosphorus compounds in combtination with
other acllve elements with a complimentary functional demarcation of their
action,

Certain phosphorous compounds can form stable anticorrosion films on

. metal surfaces, The first fixed layer of such a film will be formed as s
result of the chemical reactlon of metal with the phosphorus contained in the
additive; sutczequent layers are retained by adsorpti -e forces. However, the
abtility of phosphorous compounds to form protective films on rurfaces, as

noted, often lowers the activity ci the other antiburr components.

C. Antiburr Additives

The action of antiburr additives consists in of entering into reaction
with metal surfaces at high temperature uf friction and forming compounds
with metals, which possecs the ability to prevent jamming of surfaces. Such
compounds, sulfides, chlorides, etc., have lowered resirtance to shift as
compared to the initial metal, due to which the destruction of grasping points
during friction is localized in surface layers.

If the medium is insufficiently active and cannot quickly react with
fresh surfaces, and the site of contact flows, being subjected to plastic
deformation, graspine increaces lo jamming of surfaces, obtaining an avalaiche
character,

Chemically active addlitives to oils nct only increase the load of
Jamming, but also smooth the process of jamming, meanwhile lowering besides
surface wear and coeffisient of friction.

This process may be ensured by application of complexes containing sulfur
and c¢tlorine separately and in comhinations among themselves in the basic
compound as additives,

The problem of ccrrect selection of antiburr additives is that they should
become active only under the effect of contact temperatures of friction,
entering in reaction on the areas of contact. At the same time the additive
should no! exhibit aggressiveness with respect to metal at moderate temperatures,
i.e., shculd not evoke corrosion of surfaces.

The difficultly of selecting a good antiburr additive consists of just
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this: the requirement of high antihur:r oroperties and absence of corrosion
contradict each other, since chemical activity causes the action of the additive.

According to research [95] the temperature of friction surfaces at norma)
threshold condicions without jamming should not exceed 250°C. Evidently,
it is more favorable if the additive reacts with 3iron in the temperature
range of 150-25000, since 150°C 1s the maximum which can be attained in
the o1l in transmission crankcases., When the temperature of interaction of the
additive with iron is lower than this maximum, the additive can react with all
the details, located in the o0ll and evoke their undesirable corrosion. If
the temperature of reaciion of the additive with iron is higher than 150°C,
this limits the action cf the additive to the friction surfaces where actual
temperatures of friction exceed 150°C.

To investigate the temperature-selective action of antiburr additives
it is useful to use themographlc analysis of substances in mixture with metallic
powders; this allows us to judge about change in the aggregate state according
to disturbance of smooth slope of curves of he. "ing and cooling, appearing
due to yield or absorption of heat in the proceos of the reaction [19, 95].

For research we used the photorecording pyrometer of N, S. Kurnakov with
automatic recording of temperature as a function of time, allowing us to reveal
weak thermal effects, appearing during change in the aggregate state of substance,
by simultaneously recording two curves obtained fror. simple and differential
thermocouples.

The connection of the thermocouples is chown in Figure 22.

In the absence of thermal effects the recording of the simple thermocouple

is a slanted straight line; an endothermic effect is characterized by 2

collapse of the line, an exothermic effect by a jump.

The differential thermocouple serves to determine the difference of
temperaturcs of standard and sample and, as it were, is two independent

thermocouples, whose thermoelectric currents are mutually subtracted. A

efamaso o i Stk

galvanometer, included in the circuit of the differential thermocouple, reccrds

the difterence of two thermal electromotive forces.

) The differential thermocouple is very sensitive, hut zives only qualitative

l readings, which altain their full value only if it is applied in combination

1
i
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Fig. 22 Con-
nection of
the Kurnakov
pyrometer.
1) galvano-
meter of the
differential
thermocouple;
2) shunt of
the differ-
ential ther-
mocouple;

> rheostat
ot the dif-
ferential
thermocouple;
4) galvano-
meter of the
simple ther-
mocouple;

5) shunt of
the simple
thermocouple;
6) rheostat
of simple
thermocouple;
7) investi-
gated sub-
stance;

8) substance-
-standard.
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with a simple thermocouple,

Thermographic research of antiburr additives was conducted
in conditions of slow heating to high temperatures in pure
form and with additive of chemically pure metallic powder
reduced by hydrogen, in a ratio ensuring surplus of metal [19].
45 has been shown in the work of P. I. Sanin and others [28],
the number of simple compounds interacting with metal in the
process of additive decomposition during friction is evidently
insignificant. For the majority of additives these can be
phosphine, sulfur, hydrogen sulfide, chlorine, hydrogen chloride
and others., In certalin cases direct irieraction ot a substance
with metal (e.g., additive of the type of carboxylic acid),
and also the formation of intermediate compounds with metal,

e.g., mercaptides can occur; these compounds are then subjected

to decomposition at contact temperatures on friction surfaces

(%61.

A result of the reaction of active compounds with “riction
surfaces is the formation of metal oxides, chlorides, sulfides,

phosphides, etc., possessing lowered resistance to shift.

1. Sulfur-Containing Compounds

A characteristic property of active sulfur-containing

compounds is their ability not only to increase the load of

Jjamming cf surfaces, but also to strongly lower their wear and fiiction ir

process of jamming.

Influence of organic compounds of sulfur on surface starts from their

adsorption at moderate temperatures.

However, adsorption is not the decisive

side of mechanism of action of sulfur-containing antiburr additives, dbut to

a larrer degree is peculiar to antifrictlon and antiwear additives containing

stable combinea sulfur.

Relnrtive to the mechanism of action of sulfur-containing antiburr additives

in conditlions of high temperatures of friction on micro-contacts the most

probatle should be concldered decomposition of organic compounds of sulfur
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with yield of hydrogen sulfide and its subsequent reaction with surfaces with
formation of a metal sulfide of metal. In certain cases the formation of a
metal sulfide can occur as a result of light splitting off of sulfur,
Radiographic research cf sulfide films [97] on irradiated gears, tested
on a stand working in a closed cycle showed that the reaction speed of
forming iron sulfide is increased as the temperature of friction increases.
The thickness of sulfide films on steel increases as load increases and at
cornstant conditions does not change. Also, the thickness of the film increases
towards the head and leg of the gear tooth, i.e., in zones of the greatest
slip, and consequently also the highest temperatures.
Sulfide films forming under the influence of compounds with various chemical
activity can have different antiburr properties due to the following causes,
the more active substances react at lower temperatures and the process of
forming a sulfide is developed earlier and deeper. For inctance, the temperature
at which metal sulfides form in the process of sulfonation, conducted to
increase the resistance to wear of machine parts, is not below 200°¢C and to
the strongest degree depends on prescriptions of bath for sulfonation and on
the brand of steel [938].
Thermographic analysis of dibutylxanthate ethylene (additive LZ-5/9
applied in Soviet transmissional o0il) showed that its reaction with iron
powder occurs in the temperature range of 192—19700 (Table 3). |
The mechanical (duratility) properties of sulfide layers change depending
upcn the rate of formation and the derth of their penetration, which in the
first place is determined by the temperature factor. The character of the
sulfide also changes deprnding upon tempersture: while Fel appears at
temperatures of 400-600°C and starts to form in small quantities at about

6]

200°C the formation of ¥eS,. is observed at significantly higher temperatures
€ Y

2
on the order of 10007¢ [29].
Jointly with S. S. Kalarina [95] the author investigated structural
{ransforrations in friction surfaces of balls during tests on a four-ball
machine with different types of additives in [TS-14.5] (TC-145) 01l [TU 110-61]
(Ty-240-61)
Internolating the depeadence curve of microhardness of [ShKh-6] (EX-6)

steel on iemperature of tempering allowed us to approximate tne temperature avising
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under friction, from themmicrohardnecs of surface layers of the wear hole, It
was found that during the test of o0il with sulfur-containing additives on a

four-ball machine per GOST 9490-60 the temperature of

@ [dpre tion of friction

1e° friction surfaces was significantly lower than it was
/%%\ in the case of pure mineral oil and oil with chlorine-
‘ i | containing additives. Isotherms constructed on the

L
Fig. 2> 1Isotherms in basis of measuring the microhardness during gradual
surface layers of the
wear holc of a ball abrasion of wear holes on balls (Figures 23 - 24) show
after tescing oil
TC-14.5 without addi- that the zone of secondary hardening appearing for given
tive on a2 four-ball

T T SN I iy e T

machine. brand of steel at temperatures higher than 730°¢C 1s
load preceding weld-
ing of spheres. cbserved after test of balls in pure TS-14.5 oil (Figure)

] 23) and in oil with chlorine-containing additives (Figure 24b), in particular

with 10% chlorinated paraffin. In the test of o0il with sulfur-containing

additives [LZ-6/9] (33.{/@», dibenzylsulfide, etc.) tempering of surface layerc :

ot metal is typical (Figure 2lUa); in this the temperature does not exceed 450°¢,
Research of oll with dibenzyldisulfide additive, conducted bty G. V.

Vinogradov and 0. Ye. Morozova [100}, showed that the zone of secondary hardening

appearing in first momentc of test disappears in process of fricticn due to

high operating prouperties of sulfur-containing additives.
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Fig. 28. 1Isotherms in
surface layers of wear
holes in balls after
test of TS-14.5 oil
with additives.

a) 5% Lz2-6/9; b) 10%
chlorinated parafin,
Load preceding weld-
ing of spheres.

antiburr effect.

e o g s, %

.

These phenomena are observed at regimes of
Jamming of surfaces and indicate that sulfur-containing
additives significantly soften the process of jamming
and act in this period as antifriction, additives,

i.e., they lower the works of friction while

cnlorine-containing compounds (including chlorophosphorus

deriratives) to a larger degree act in the direction
of preventing welding of surfaces.

Other elements of group VI of the chemical
table, in particular seienlium, tellurium and o:ygen,
also possess antiturr properties [101, 102]. 7The

intense flow of the oxidizing processes in regimes

of jamming leads tc sofiening of jamming, since molecular oxygen gives an

At threshold friction without jamming intense reacting of

oxygen leads to increased friction and wear due to formation of oxides.

2. Chlorine-Containing Compounds

Chlorine-containing compounds applied as additives to oils are typically

antiburr, but not antiwear agents.

It was determined that not only chlorine, the most wide-spread active

element in antiburr additives, but also the other halides give oils the

ability to improve the conditions of friction and prevent jamming of surfaces

(631.

thermoresistance, but alsc heightened antiburr properties.

It is known that

Of all the halides bromine compounds possess the best antiburr properties

63]; however, the practical use of these compounds in as additlives to lubricating
p

oils is limited by their high cost. 1In connection with this we will only

consider chlorine-containing additives.

Tiv mecranism of action of ohlorine darivatives during friction consists

of the formziion of iron chloride films on metal.

fluorinated hydrocarbons possess not only exceptional

In the opinion of Pruttor

and others [103], the formation of iron chlorides during friction can cccur

in wvo ways:

1} direct reaction of chlorine derivatives with the metal;
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2) decomposition of chlorine derivatives under the action of high
temperature of friction with formation of hydrogen chloride and producing
- chlorides of the metal as a result of interaction of hydrogen chloride with
the metal surfaces.

The action of ferrous chloride films of chlorous iron is maintained to
comparatively low temperatures (on the order of 300°C) [104]. According to
thermographic analysis the interaction of chlorinated paraffin with iron already
occurs at 135°c, and decomposition of the reaction product of chlorinated
paraffin with iron starts at 265°c, According to the results of metallographic
research jJjamming develops at the temperature of the friction surface,
approximately 370°¢ fo95].

3 Chlorinated parafiin is inclined to evoke corrosion of surfaces during
detachment of chlorine under the effect of high temperature or as a result of
hydrolisis in the presence of moisture. During hydrolisis of active chlorine
compounds replacement of the most mobile atoms of chlorine on hydroxyl groups
leads to strong lowering of antiburr properties of oil.

As in case of the previously considered sulfur-containing additives,
the effectiveness of chlorine derivatives depends on their stability in §

;

conditions of friction; this is combined with the chemical structure of substances:

chlorine derivatives of the paraffin series with long chains are less effective
than acid chlorides with long chains {83]. 1In first case the compounds are
more stable at high temperatures than in the second. The high stability and
weak reactivity of chlorine derivatives of aromatic hydrocarbons containing
chlorine at the carbon of the ring wer: also noted.

Corrosion of surfaces under the effect of the forming hydrogen chloride

p can be eliminated with the help of anticorrosion additives of the alkaline

3

. type, surface-active materials, enveloping the surface (ioneks [ionex ] z

etc.), and neutralizing amines,

IR

3. Sfulfophosphorus-Containing Compounds

The mechanism of action of thiophosphioric additives to oils was investigated

by G. V. Vinogradov, M. D. Revborod'ko, VYu. S. Zaslavskiy, P. I. Sanin and

otiers [9i, 9O4].
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Their research showed the high reactivity thiophosphororganic additives
the effectivener  f these compounds is especially high in the presence of

functional differentiation of the action of sulfur and phosphorus compounds.

According to the opinion of P. I. Sanin and A. V. Ult!yanova {92}, during .
decomposition of thiophosphororganic compounds in conditions of high temperatures
of friction the most reactive product of decomposition, phosphine, reacts .

with the metal first; hydrogen sulfide reacts at the highest temperatures.

This explains the fact that at moderate conditicns of friction phosphorus I
compounds in thiophosphoric additives have an advantageous effect characterized
by low wear of surfaces. Under conditions of jamming at high temperatures

on mizro-contacts the action of sulfur starts to appear; this is expressed

in softening the process of jamming, decreasing the destruction of surfaces
and guaranteeing their operation.

G. V. Vinogradcv with co-authors found that the tiggest effect from
application of thiophosphoric compounds is obtained in the presence of
relatively lowly mobile phosphorus and highly mobile sulfur. The latter can
be ensured, if sulfur is in the B- or <y-position relative to the oxygen ester
bond [94, 104]. At the same time the presence of too active sulfur can increase
surface wear at moderate conditions and, in the opinion of certain researchers,
lead to lowering of the load of jamming [91].

It was also revealed that increasing the hydrocarbon ct ain of thiophosphoric
compounds lowers the load of jamming, and thus, the activity of thiophosphoric
compcunds from this point of view is opposite of that characteristic for
surface-active suvstances during adsorption of films [28, 91].

On the basis of all this one should conclude that during synthesis of

4 thiopnosphoric antiburr additives it is necessary to go along the line of
3 selectinse éompounds with more or lesc chort hydrocarbon chains, in whisn
F phosphorus has low mobility in “hic presence of comparatively mobile sulfur.

tThe mobility of sulfur is ensured by proximit:s or doublle bonds in hydrocarbon

Sy

~hain, or the oxyren ester bond.
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4, cChlorophosphorus-Containing Compounds

The essential distinction between thiophosphorus and chlorophosphorus-
containing additives is that when phosphorus is combined with chlorine in
organic compounds, where both element are distinguished by sufficiently high
mobility, the determining role is evidently played by chlorine and not by
phosphorus [28].

It was found that among the chlorophosphorus-containing additives the
most effective antiburr properties are possessed by esters of chlorolkylphosphinic
acids and chloralkyl esters of phosphorous acids containing the CCl3 group
[28, 791.

This is explained by the great mobility of chlorine in the trichloromethyl
group, which can bond directly with metal to a chloride of the metal,

The high reactivity of the CCl3 group appears during thermographic analysis
of compounds of this type in presence of iron powder in the form of a strong
exothermic effect in range from 9 to 200°C depending upon the character of
compounds and the presence of impurities in them;e.g., acid alkylphosphites
(compare points 1, 2 and % of Table 4). The latter strongly lower the reaction
temperatures of esters of chlorolkylphosphinic acids with metal and can cause
a corrosional effect similar to that of oil additives on the metal surface,
and also promote the increase of antiburr properties of oil (Figure 20, Curves
2 and 7).

Thermograms of a number of derivatives of chloralkylphosphinic acids are
shown in Figures 25-28,

Chemically pure butyl ester of trichloromethylphosphinic acid (Chloreth-40)
in absence of iron is stable to 2?b°c, at which it gives effect with atsorption
of heat: at 240°C it gives effect with liberation of heat (Figure 25).

With iron powder Chloreth-40 reacts stormily with liberation of heat at 13500.

In practice during work in friction node this reaction also has a very stormy
character and when it is caused by heating cof oil in total, it leads to corrosion
of surfaces of steel details.

“he reaction temperature of Chloreth-40 with iron is still lowered acid
dialkylphosphite is an impurity in the product. This is particularly indicated

Ly the thermogram of Chloreth-40 with Impurity of dibutylphosphite (Figure 26).
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Table 4. Results of Thermographic Analysis of Certain Derivatives of
Chlorophosphinic
Temperature
Endothermic Exothermic
Additive interaction
Boiling with with iron
decomposition Decomposition (start of pro-

without iron#*

without iron+

cess and tem-

perature jump)

1. Chloreth-40 (butyl
ester of trichloromethyl-
phosphinic acid) chemi-

cally pure 225 240 135-275
2. Chloreth-40, techni-
cal 232 208 96-230

3. Chloreth-40, chemi-
cally pure, +10%
dialkylphosphite 220 203 98-220
4, Butyl ester mono-
chloromethylphosphinic
acid 259 None 200-266
5. Chlorethamine (salt
hydroxybutyltrichloro-
methylphosphinic acid
and methyl octadecyla-

mine)** None 232 178-234
6. Amyl ester of

trichloracetoxyphos~

phinic acid " 175 1106-250

*In presence ol iron decumposition is lacking. °
** Temperature of endothermic process of fusion (with and without iron) 45-C.

At full similarity of the character of curves in Figures 25 and 26 the temperature
of decomposition of Chloreth-40 with impurity of dibutylphosphite is lowered

to 20800, and its reaction with iron occurs at 96°C.

LT

' »

Time, minutes

i Fig. 25. Thermogram of Fig., 26. Thermogram of

Time, minutes

e

butyl ester of trichlo-
romethylphosphinic acid
(Chloreth-40) 1) simple
thermocouple, substance
without iron powder;

1a) the came, differcn-
tial thermocouple; 2)
simple thermocouple, re-
cerding in the presence
ov ofron powder; £a) the
3 e, Jdiffferential

: Hhe riocao v e

Chiorethamine, For con-
diticnal designations
see Flg. 25,

.

1 _'{0 -

TN

et e - =~ - = -




o p— . A B At

Time, minutes Time, minutes
Fig. 27. Thermogram of Fig. 28. Thermogram of
butyl ester of monochlo- Chiorethamine, For con-
methylphosphinic acid. Gitional designations
For conditional designa- see Fig, 25,

tions see Fig. 25.

According to the existiig method of obtaining trichloromethylphosphinic
acids by pyrolsis of esters [75], the decompocition of esters of
trichloromethylphosphinic acids starts at 150°c with separation of unsaturated

hydrocarbons and with formation of trichloromethylphosphinic acid.

(]
Oﬂ.—-l'-oc.n.-oea.-;-—ou + 2CH,
L |
In thermography for chemically pure butyl ester of trichloromethylphosphi.ic
acid this process is observed at a higher temperature (22500). The first
2ffect is revealed by absorption of heat and intense bubbiing. Evidently,
the second effect with liberation of heat at 240°C is combined with further
process of decomposition, which, possible, includes the separation of the

trichloromethyl group.

Even less stable is amyl ester of trichlorethylaceoxyphosphinic acid:

0
]
CeH,,0—P—-CHCO,

Its disintegration starts at 175°C . The reaction temperature of this
ester with iron is lower than that of Chloreth-40 (110°C), although it gives

off heat less intensely.

But sl ester of mcnochloromethylpnosphinic acid

CH, QPO (OC,Hy),
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is a comparatively stable and slightly reactive substance (Figure 27). It
tolls giving off butylene at 259°c and reacts with iron at 260°C with small
liberation of heat, Its antiburr properties are comparatively low (curve
4 in Figure 20).

Heightened stability and good antiburr properties (curve 5 in Figure 20)
belong toc the salt of monobutyl ester of trichloromethylphosphinic acid and -
methyloctadecylamine, chlorethamine, synthesized by B. V. Kelymenov:

o
oo, —F—ocs,

cH,’
Ol'ﬂg

The termogram of’ this substance is shown in Figure 28, At MSOC heating
is accompanied by intense absorption of heat due tc fusion of chlorethamine.
In the absence of iron powder the differential curve gives a jump at 232°C,
indicating that reaction with liberation of heat occurs there (evidently,
decomposition of the substance). In presence of iron powder the reaction of
chlorethamine starts at 178°C, i.e., higher than for the previously considered
esters of trichlorophosphinic acids.

These data agree with practice: the stability of salts of amines with

chloralkylphosphinic acids is the reason for their application as antiburr

additives.
[ 4

. Compounds Containing Sulfur and Chlorine Simultaneously

A very effective antiburr composition is a mixture of sulfur and chlorine

compounds:; however, in an overwhelming majority of cases it leads to corrosion
of steel Jduring rigid operating conditions, thus determining high contact

remperatures,

o men um o e rbav 04

It has been established [103] that the presence of active sulfur in an
addiiive, cons 'sting of a mixture of sulfur and chlorine compounds, accelerates N

y the formation ~f iron chlorides, but the formation of iron sulfides in presence

x of e¢hlerine components decreases, The presence of sulfur-containing compounds
does not affect the production of hydrogen chloride, whereas the production cf

nydrosen sulfide s increased in presence of chlorine component,
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The catalytic effect of sulfur compcunds on the formation of chlorides
1s approximately proportionally to their activity during formation of sulfides;
therefore, slightly active organic sulfides weakly assist the formation of
chlorides.

The essence of the catalytical action of sulfur-containing compounds 1is
that the iron sulfides forming under the influence of the temperature of
friction then quickly react with chlorine, whereas the reaction of formation
of iron chlorides Ly direct influence of chlorine on the surface of iron
occurs significantly more slowly.

According to source material [103] this reaction can be depicted by the
following equations:

RS, A8, +8,

884 Fo—oFeSy,
RCL, 4 P8, RCI,_ 4+ FoCl, a8

Thus, according to these equations the sulfur-containing compounds
quickly reactls with metal either directly, or being decomposed with yield of
sulfur. The sulfides react with the chlorine-containing compound, forming
chlorides and sulfur, which again gives FeS or FeSn.

Analysis of electron diffraction of a copper plate subjected to the
influence of 0il with a sulfochloride-containing additive, carried out by
K. V. Shichokina, revealed lines belonging to Cu, Cu012'2H20, cu012 and
weak lines of CuS. After scratching the surface of the sample the lines of
CuS are strengthened on the electron-diffraction pattern, and the lines of
CuClQ'2H?O and Cucl2 are significantly weakened, This indicates that the
sulfide layers of metal appearing under the influence of sulfochlorine-containing
compounds are stabler, penetrate deeper into the metal and, evidently, serve
as substances which further react with chlorine compounds. This does not
exclude the independent role of sulfur-containing compounds in preventing of
grasping of surfaces.

Organic compounds containing chlorine and selenium also act this way;
on the friction surfaces chlorides of metal are revealed, whereas selenium

plays the role of a catalyst in forming chlorides [104].
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The mechanism of catalytical action of sulfur in conditions of friction
was also confirmed by Davey on a number of organic compounds containiug,
besides sulfur, also chlorine, iodine or bromine [63].

Jointly with Ye, I, Petyakina and others the author showed that the
catalytical action of sulfur is indicated sufficiently by adding a small
quantity of sulfur-containing additive to the chlorine component to sharply

iincrease the antiburr properties of this compnsition in oil. This is illustrated
~‘fby the diagram in Figure 18 (middle part). The maximum effect is attained at
a ratio of approximately 70% of the chlorine component and 30% of the sulfur
component. This effect almost does not depend on the sulfur concentration in
the sulfur component of the additive, but to the strongest degree depends on
the activity of the chlorine component, determined both by the structure of the
compound and also by the quantity of chlorine in the molecule [72].

A very active sulfochlorine-containing additive is DI-(trichloropentyl)-

sulfide, or Sulphol (see p. 57).

The activity of this compound is determined by the presence of the
trichloromethyl group and the ratio of the quantities of chlorine and sulfur in
the molecule. The trichloromethyl group causes the exothermic Jjump characteristic
for compounds of this type at 15300 in the presence of iron powder indicating
the intense reaction of Sulphol with iron (see Table 3).

6. Compounds Containing Sulfur, Chlorine and Phosphorus Simultaneously

Additives containing three active elements, sulfur, ctlorine and phosphorus,
possess great universality and, as a rule, act satisfactorily both at high loads
ard also at high speeds and low loads. Phosphorus promotes lowering of wear
and smoothing of surfaces; sulfur lowers friction and is the catalyst of the
antiburr effect ensured by chlorine.

Research in electron diffraction of steel surfaces subjected to the
influence of o0il containing an additive . three active elements, conduc*ed
on the request of the author by K. V. Shishokina, showed the chlorides

concentrate on the surfaces and that the sulfides penetrate into the depths.
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Thrcugh the radiocactive isotope method it was shown [91] that the formation
of metal sulfides on surfaces decreases in presence of phosphorus and chlorine.

The stability and ability to interact with metallic surfaces depends mainly
on the character of the compound containing the three active elements (sulfur,
chlorine and phosphorus). The Soviet additive 1Z-309, obtained by the reaction
of sodiumdialkyldithiophosphate with 1,3-dichlorbutene-2, disintegrates at
253°c (ses Table 3)., 1Interacting with iron powder, LZ-309 is effective in
comparatively low concentrations, 5% whereas the foreign additive, Anglamol-70,
contalining dibenzyldisulfide as thg sulfur-containing and being a composition
of several compounds, is effective only in concentration of 9%, Thermographic
analysis of Anglamol-70 (see Table 3) indicates its high stability; decomposition

occurs at. 289°C, and the reaction with iron powder occurs at 230°C with snall

liberation of heat.

7. Compounds Containing Metals

lead soaps in ccmbination with sulfur and chlorine compounds are good
operating sibstances.

The mechenism of action of additives containing lead soaps and sulfur
was studied [105] by ine method of electron 4iffraction. Films forming at
15000 on steel under the influence of o0il contsining these additives were
investigated.

It was determined that if the oil conta‘®ncd lead napthenate and sulphurized
fats, during a brief effect of temperature on stzel films of lead sulfate
(PbSou) formed, and during lorg or rove intenzive effect of temperature lead
sulfide (PbS) formed. Upon heating in oil with only lead naphthenate the
latter is evidently adsorbed on surfaces, which is revealed by diffraction
pattern, similar to the diffraction of lead. During subsequent heating of these
films in sulphurized oil the diffraction pattern changes, passing into rings
characteristic for lead sulfate.

Thus, in the opinion of Simard and co-authors, the interaction of additives
containing lead soaps and active sulfur with steel surfaces flows according
to the following mechanism: first the lead soaps are adsorbed on the friction

surfaces; then the lead soap film reacts with the sulfur with participation
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of oxygen leading to the formation of lead sulfate; and, finally, lead

wr

sulfide 1s subsequently formed.

Th-: mentioned suthors consider that there can be two causes of lowering
friction in presence of additives containing lead soaps and active sulfur:
1) lowering the resistance to shift of the formed lead sulfide films as
compared to the resistance to shift of the initial metal (steel); 2) the
formation a eutetic alloy, FeS-PbS, with a lowered point of fusion (97000),
which during friction transfcrmes into a plastic state.

Contrast to this, Davey [9] assumes that lead sulfide will be formed

independently of lead sulfate; in the process of reaction of iron with lead

soaps, iron soaps and free lead appear; the free lead then reacts with sulfur
to form lead sulfide,

An absolutely diff =nt, purely physical mechanism of action is ascribed
to natural molybdenum diculfide {or tungsten disulfide). It is assumed that
it is analogous to the mechanism of action of graphite. Slippery scales of
these substances easily shift -—i1e along another under the effect of tengents of

forces like a deck of cards.

The ablility of the M082 grid tc shift is determined by the fact that the

strongly polarized cations of m¢lybdenum are combined :-ith easily polarized
anions of suifur and thus the bond hetween Mo and S turns out to be significantly
more durzable than th.o bond between two atoms of sulfur, which ensures an

easy shirt in this plane [8i].

Evidently the oxidized compounds and xanthogenates of molybdenum act

otherwise, although, in the oplnion of Hugel [83], the mecrenism cf action of
Eg' molybdernum blue in combination with sulfur additives is analosouc 5 the
i action of M082 suspensions: under the effect of temperatures appearing during
friction the complex rcompound (f molybdenum blue decomposes and M052 will be
. formed on the surfaces. During decomposition of molybdenum xanthogenates

a film of molybdenum hydroxysulfide appears on the friction surfaces.

1t sezms to us that to explain the mechanism of action of molybdenum

ey,

blue in combinatlon with sulfur compounds there is no need to assume the

formation of molybdenum disulfide with a flaky structure.
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Jointly with Ye. I, Pyatyakina the author conducted rcsearch allowing
the assumption of another mechanism.

In Figure 29 it is clear that Mo tlue (2) in the absence of a sulfur
component increases the antiburr properties of TS-i4.5 oil (1), although to
a lesser degree thar in combination with the sulfur-containing additive,

LZ-6/9 (3). This is fu™ - naturally, since Mo blue ie an oxygen rich compound.
Meanwhile oxygen, just as sulfuw, is a representative of group VI of the
periodic table and, as proven by G. V. Vinogradov [106], easily interacts with
metal surfaces, giving a strong antiburr effect.

Regarding molybdenum disulfide, as follows from the data cf Figure 29,
even a 10% concentratio.: of it in oil does not give an effect equivalent to
that which appears upon adding 1.5% Mo blue to oil (curves 7 and 2). The
combination of Mo blue with cnlorinated paraffin gives oil even higher antiburr
properties (see curve 4},

The resul’s of electron diffraction research of fllms forming on steel
surfaces under the effeat of molybdenum additives are given in Table 5.

Steel piates (sleel 45) were heated in oil with the additives enumerated
in the table at the shown temperatures for 1 hour. After that the plates were

washed in hot benzene, then in ethyl alcohol and their surfaces were investigated.
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. Antiburry
Adaitlve Properties
Curve
% Pk’ P )
Designation in ot1] OFT | kg kg
1 Without additive,.. - 37 79 126
2 Mo blue.seeseeeenes | 1,5 126 282
3 Mo blue and 1,5
Iz-6/9.0000-.000000 3,0 89 158 )‘h'?
i Mo blue and 1,5
chloroparaffir..... { 5,0 97 63 501
5 Chloroparaffin..... | 5,0 S8 100 280
6 L26/9.eciiinececes | 3,0 74 100 447
7 Molybdenum disulfidel 10 52 89 216
Tatl S, Eiectron DIffruction Research of Filas Forming on
. Sieel Surfaces Under the Effest ¢ T5el4,5 0fl with KMaitivas
of Molybde...mm Compounds (Mezording to K. 7, $hishokim)
< Additive

» . Indices
] Me S, ¥o Blue ¢ LI.5/9 M blue

Concentration of

the 83d1t1VE eeeares ° 1543 15
Taoperaturs of
sxperimant °C . .u0.. | 150 | 250 150 0 150

Compeunds revealed

ON SUrfACO eeccseces ‘“ MoS aFeo ¥ F2,0,¢ | y-Fe0,0

a-Te0,*

"M%, is otserved,

2 As can be seen from the table, molybdenum dizulfide was observed by
diffractional lines only after heating the plate ir o0il with moiybdenum
disulfide, but not in oil with additive of molybdenum blue or with the sulfur

additive LZ-6£/9.

Aill *his indicat'es that adding Mo btlue in combination with a sulfur ccmponent

wili not form M032 on the friction surfaces and practical calculatior of the

avnmonss s v

sulfur component by the stoichiometric formula on M052 is groundless.

The presence of higher oxidized compounds of molyhdenum on the surfaces
after the test for friction is revealed by the qualitative electrographic
metnod. Oxidized compounds of molybderum pass to gelatinized paper impregnated
with the electrolyte (polassium cihloride) during transmission of a 30 ma
current. for one minute; after that they appear at first in a solution of tir

. chioride, and then potasciur thiocyanate., 1In presence of potassium thiocyanate

the MoC(SCM)S ion will ve fermed, coloring ‘e paper a pirk-raspberry color.
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It is possible to assume that molybdenum blue, which is complex oxidized
form of melybdenum with a variable valence, possesses high surface activity
and reactivity with active element of the second component of the additive.
Mo blue activates chlorine and sulfur evidently by forming of very different
in character compounds of molybdenum with sulfur and chlorine, including
oxysulfides and oxychlorides of mclybdenum. With this the antiburr effect
characteristic for compounds of sulfur and chlorine is combined with high
surface activity of molybdenum blue which, in particular, affects the exclusively 3
high value of the critical load P, for compositions of additives containing i

k i
Mo blue.

An analogous effect could evidently be obtained with other elements giving

complex compounds due to thelr variable valence.

IT. 5. Recommendations for Selecting 01l Additives

Selection of o0il additives is determined by the operating conditions of
the lubricating substances in friction nodes and the specific requirements of

the machine or mechanism.

A. Automobilies

Here we will not consider additives used in oils for internal combustion
engines in detail: this question exceeds the hounds of this work. As a rule, '
in this case washing, antioxidant and anticorrosion additives, also possessing ?

antiwear properties are used.

In selecting additives to olls for automobile transmissions the following

considerations hold.

The nighest and impact loads are carried by the main transmission of the
rear axle. When the main transmission has hypoid gears, the high speeds
of relative slip of teeth cause intense heat emission, which leads to janming
of surfaces; to prevent this a strong antiburr additive is unconditionally
required.

Cears ané bearings of transamiscgion boxes usually do not carry specially
high loads, and therefore, as a rule, application of antiburr additives in

oils lubricating the mechanisms of automobile transmission toxes is not necessary,
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Table 6. Additions to 0Qils for

Friction Nodes of Autmobiles

Iubricated nodes

Addition

Recommended type

Approximate
composition

Transmission Box

No additive or an anti-
wear additive is reco-
mmended

Sulfur and phosphorus-
containing products;
chlorine-containing
additives are not reco-
mmended

Rear axel with spiral-
conical transmission

Antiburr additive of
average activity

For longer wear special
long~wear additives?

Chlorine~containing addi-
tives, most often chloro-
paraffin; sulfur-contain-
ing additives or sulfur
and chlorine-containing
additives

Most frequently additives
containing sulfur and
lead soaps

Rear axel with hypoid
transmission

Strong antiburr addi-
tives;

Long-wear additives
for factory filling

Sulfochlorine-containing
component and zine
dithiophosphate, Addi-
tives n~ontaining 3, Cl
and P, Sulfochlorine-
containing additives
with an anticorrosion
component,

Sulphurized fats and
lead naphthenate or

a component. containing
sulfur and chlorine and
lead naphthenate, or

2 chlorine-containing
compcnent and zink
dithiophosphate, or

a sulfochlorine-con-
taining additive with an
anticorrosion component

Steering control

Antiwear additives
(the same as in oils ;
for transmission boxes;)

|

long-wear additives?

Sulfur or sulfophos-
phorus-containing pro-
ducts

Sulphurized fats and
iead soaps

Cardan joinis

fio additive or an addi-
tive afainst fretting
corrosion

Colloidal suspensions of
sraphite or molybdenum
disulfide

Yo Acgsiraldle properties of these additives in the first period of opera‘ion

theoreticrally s:ould,

asz a resuit

of heightened wear of surfaces, ensure

tteir intense extre peration and smoothing, evoking, on the one hand, lowering
of loeal loaas, and on the other, a shif%t 1o more perfect "quasihydrodynamic

¢ nditions of friction,
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_Table 6, (Cont.) :

Addition ‘
Lubricated nodes .
Recommended type Approximate !
Composition
Combined transmissions Antiburr additives of Additives containing
having toothed engage- average activity, in- sulfur, chlorine and
ment and hydrodynamic hibitors of corrosion phosphorus and anti-
transmission and ser- and oxidation corrosive component of
viced by one lubricating alkaline type.
system Dialkyldithiophosphates
of metals
Rear axel and differen- Strong antiburr Sulfochlorine derivi-
tial having friction additives containing ties, 2ink dialkyldithio-
clutches of limited a friction stabilizing pvhosphates and sulphurized
slippings, serviced by component, fatty oils,
oil from one lubricating
system.

and someiimes can be harmful, since it can evoke heightened wear of the working
surfaces and corrosion of details. In most cases in transmission boxes it
is oxpedient to use oils with antiwear additives. For new constructions of
heavy trucks it frequently appears necessity to use oils with antiburr additives
in transmission boxes.

The character of additives to oils applied in different nodes of automobiles

is given in Table 6 [107, 108].

B. Turbines

Besides lubricating transmission gears from the turbine to the screw
proveller, turbine oils should also fulfill the function of a lutricant of
the slip bearings of 1liquid friction and roller bearings, and also the function
of a cioling oil in the case of a steam turbine and working fluid in the case
of a hydroconverter, Therefore additives to turbine oils should not only
improve the antiwear properties, but also should not allow corrosion of colored

and black alloys, should not worsen the deemulsifying ability of turbine .ils

and should ensure their high stability and absence of sedimentation [109, 110, 111].

Furthermore, in steam turbines, where cases of moisture getting into the
lubricating system are observed, the additive should not evoke rusting of metal
or be subjected to hydrolisis, Additives for oils servicing hydrotransformers

sbould ot nerative,y affect the linings, The types of applied additives are
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given in table 7.
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Table 7. Additives to Turbine 0Oils Servicing Gear Ttégé-
missions, Hydroconverters and Besarings.

Recommended Type Approximate Composition

Antiburr additives of aver- Sulfur-containing additives
age activity with anticorrosion component
or sulfochlorophosphorus-
containing additives,

Inhibitors of oxidation, Ionol, zink dithiophosphates,
corrosion and rusting. amines, derivatives of
maleic onhydrides, alkylsa-
licylates of calcium,

C. Rolling Equipmént

Gear transmissions of rolling mills are subjectec to high impact loads.
Therefore, cases of Jamming of toothed wheels are common, although basic
type of damage remains fatigue painting of surfaces; this cannot be prevented

with antiburr additives. Most subjected to jamming are the teeth surfaces of

roller gears directly ad,joining to roll stands of rolling mills. Water, passed

under high pressure to the rolled metal for sintering, gets into the lubricating
system of roller gears (and if the lubricating system is a general circulatory
one, then it gets into the general lubricating systei). The presence of water
in the lubricating systems reductors and roller gears of rolling mills
extraordinarily complicates the selection of antiburr additives. They should

be required not to evoke corrosion and rusting of metal in presence of water,

not to hy 'ze and not to worsen the deemulsifying ability of the oil.

These req sents are met by antiburr additives of average activities, being

compositions ot lead and sulphurized fats.

D. Metal-Cutiing Machines

3 Friction nodes of metal-cutting machines, as a rule, do not need antiturr
or antiwvear additives, since wear of gears, especially guides, has an esbrasive

character. It is expedicent to use antifriction (for worm transmissions) and
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friction stabilizing, (for guides) additives given in Table 8, Abroad, as friction
stabilizing additives are¢ epplied saturated fatty acids in foreign lande (for

. instance, stearic), and we have developed additive [V-401] (B-401),
. Table 8. Additives to Oils for Metal-Cutting Machines
Lubricated nodes Recommended type Approximate composition
Feed guides Additive; friction Saturated fatty acids
stabilizing ancé their salts (e.g.,
aluminum stearate)
Worm transmissions Additive, lowering Sulphurized, unsulphur-
friction and increas- ized, or phosphorus
ing efficiency. pen.asulfide treated

animals fats.

For heavily loaded worm transmissions compounds of mineral oils wiin
animal or vegetable fats are recommended. In USSR for this purpose the
additive, [EZ-2] (-2), constituting etherified castor oil treated with phosphorus

pentasulfide has been developed.

For high-speed worm transmissions In foreign lands they use a synthetic
0il, constituting a mixture ethylene and propyleneoxides, From the available
information this oil lowers loss of power in worm engagement noticeably more

than petroleum oils [112, 113].

E. Textile Machines

The most important question in textile machines is lowering losses from
friction, inasmuch as expenditure of power on direct fulfillment of tcchnological
operations is minute (2->5 of {otal power consumption), and the number of

friction nodes and loss of power overcomming friction are great (95-98¢).

Because of this in oils for textile machines, espacially in oils for lubricating
spindles, it 1s expedient to apply antifriction additives.

. Oils for spindles cf spinning machines and runner ring of ring-spinning

3 machines also needs antiwear and antiburr additives {7] due to spot wear of

spindle and jamming of runner, leading to frequent breaking of thread.

Table 9 gives the approximate types of additives used for this goal [114].
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Table 9. Additions to 0ils for Textile Machnines

Lubricated nodes Recommended type

Approximate composition

Step bearings of spindles Antifriction and anti-
wear

Anticorrosion and
stabilizing

Esters (e.g., glycerine
monooleate)

Alkaline sulfonates,
alkylphenolates

Runners of ring-spinning Antifriction and

~machines antiburr

Anticorrosion and
stabilizing

Esters, sulphurized
terpenes

Sulfonates of calcium
or sodium, alkylnpheno-
lates.

Additives increasing the stability of o0il are also very important in this

case, since this allows lowering the accumulation of deposits in spindles

meshes, increasing interoverhaul periods and lowering losses on friction in

step bearings.
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